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ABSTRACT

The folloving report deals with s number of related iteme of
research, undertaken for Rome Air Development Center (Contract No.
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carried out under the genmeral direction of ¥. W. Householder, Jr., more
specific direction being provided, at differeni times, by J.P. Thorne
and J. Lyons. The final report has been sssembled under the supervision

of P.H. Matthews,

The leading section discusses, in general, the problems involved in
the kernelization of compl.x English sentences; this section is the work
of J.P. Thorne. The remainder is in the form of appendices. Appenaix I
contains & detailed report of the kermelization procedure; for this sec-
tiom S.1. laszlo was largely responsible. Appendix II reports on a
series of experiments, undertaken by J. Masters, to determine lo vhat
extent "ipformation” was "preserved” in kerrelized versions of sentences.
Appendix III reports on a frequency couat of the transformations exhibited
by a stretch of ruoning text; this count was undertaken by F.C. Figher,
W.J. Kunz, T. Matsuda snd (initially) H. Feider. Finslly, Appendix IV
contains & list of treasformational rules which have actually been written,
vith reference to significant published (and some unpublished) material.
This list was prepared by T. Matsuda.
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INTRODIMCT ION

The following report desls with a2 number of related items
of research, undertaken for Rome Air Development Center
(Contract No, AF 30(602)-2951) durinzg the reriod Januaerv 1
to December 31, 1953. The contract was corcerned with the
feasibility and utility of a "kerneliration™ procedure for
purposes of information retrieval. Ressarch was carried out
under the general direction of F.W, Householder, Jr., more
gpecific direction being provided, at different times, by
J« Fo Thorne and J. Lyons. The final report has been assembled
under the supervision of P.H, Matthews,

The leading section discusses, in general, the problems
involved in the kernelization of complex English sentsnces;
this section is the work of J.P. Thorne. The remainder is
in the form of appendices. Appendix I contains & detailed
report of the kernelization procedure; for this section
S.1. Laszlo was largely responsible. Appendix II reports
en a series of experiments, undertaken by J. Masters, to
determine to what extent "informaticn" was "preserved" in
kernelized versions of sentences., Appendix III reports on
a frequency count of the transformations exhibited by e
stretch of running text; this count was undertaken by F¥.C.
Fisher, W.J. Kunz, T. Matsuda and (initially) H. Feider.
Finally, Appendix 1V contains a list of transformational
rules which have actually been written, with reference to
significant published (and some unpublished) meterial.,

This list was prepared by T. Metsuda,
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The experiment here described was desizgned to
investigate the problems involvea in constructing a
computer preogram for reducing derived Unglieh =entences
to their conatituent kxerrel cgntences. The division of
the sentences of a lanzuage into kernel sentences and
derived sentences reflects an essential stiructural
feature of transfcermational grammars. The reasons
for making the distinction are briefly as f@llows.l
A grammar is considered a device for agzigning struc-
tures tc sentences. Any gramnsar can be treated as a
generative system, That is to say, given any svstem
for describing the syntactical structure of sentences
in a certain text or corpus, it should ve possible to
manipulate it in such a way as to generate these
sentences, Moreover it should be possible to generate
rammatical sentences not contained in that corpus.
But at the same time the grammar also assigns struc-
tures to these "new" serntences. This i1s because any
grammati... analysis o a sertance cun be interpreted
as a series of rules for generating that sentence.

Tonversely, the set of formilae (each occurring in

two rules, once as the prodyct ard orce as the origin



0f a rule), which make up the rules for generating a
particular sentence is exactly egquivalent to an analy-
sis of that sentence; and in the c¢ase of a syntacti-
cally unaabigucus sentence is unique.

One of the main wmotives for writing a trans-
formational grammar is to construct a system which
will assign structures to all the possible grammatical
sentences in a language. It follows that the grammar
has to be smet up as a series of rules for generating
all the possible grammatical sentences. 1t alsoc follows
that in order to achieve this goal it is imperative
that the system should be constructed in such a way as
to ensure maximum applicability of each rule. This
means that in establishing the rules for generating
one kind of sentence the linguist must be at pains not
merely to find rules which will account for this kind
of senterice but, as far as possible, to chose those
which enters into the generation ¢f other types of
senternces as well. The division into kxernel and de-
rived sentences is an essential part of this strategy.
Indeed, without it, it would be virtually impossible
ever to attempt to construct a complete grammar. By
treating those sentences which ars not kernels as being
derived from them we ensure that the rules for generating
kernel sentences enter into the generation of all sen-

tencesz. The grammar, therefore, falls into two parts.



The kernel or phrase structure grammar contains rules for
generating kernel sentences only. The rules in this part
of the grammar are extremely simple, each rule expanding
one element in the origin formula at a time. All other
sentences are generated by transformational rules which
are considerably more complicated. These rearrange, de-
lete, and add to the elements of kernel sentences or of
sentences already transformed from them.

It can be argued, therefore, that if we know which
kernel sentence or sentences underlie a derived sentence,
and which transformations have converted them into the
derived sentence, then we know a great deal about the
grammatical structure of that sentence.

For the purposes of the present study it was decided
to construct a program to analyze sentences produced by
the following transformations (I) passive (II) action
nominalization (with derivative affixes) of both nominal
modifier (IV) the introduction of passive transforms
after deletion of auxiliaries and agents as pre-nominal
modifiers.

Lees, in The Grammar of English Nominalizations de=-

fines the first three 0f these transformations as follows

(1) Passive®

Nom + X - Vtr- Nom'~ Y+~ Nom'= X + be + En - Vtr-by + Nc

and, by deletion of the agent
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- - X - Y - V -
X - be + Bn + vtr vy + Nom > X ~ be + En + or

(11) Action Nominaligation’

X-T~Na=-Y

Nom -~ Tns Vin -(Adj - Ly)

—

Ing f
X - Nom + Gen -~ {(A4j) Nml fvx + P + Nom'| =2

t Vx + P + Nom? |

X -7 ~Ffa-~Y

Nom - Tns = Vtr - Nom! - (Adj =~ Ly) _%} “w__w>

X - Nom + Gen - (Adj> jIng Vvt + of + Nom' - Z -
Nml

Thus by the first case from the kernel sentence

*The earth revolves' is derived the nominalization 'The

earth's revclution', and by the second, from the kernel

sentence ‘'John distritutes the tickets! is derived 'John's

distribution of thc tickets'. A further transformation
X~ T« (Ad3) Nml +]Vt - of -« Nom - Y
Vin

Vx + P + Nom

X - Nom' + Gen -(Adj) Nml + Ve - vé
produces the forms 'The revolution of the earth' and 'The
distribution of the tickets'. It is these forms rather
than the earlier ones that are handled in the program.
However, we have decided to accept the formations angd
take this form of the nominalization of transitive verbds

as veing derived directly from a passive transform. That




is, we take 'The distribution of the tickets' as originating
from g passive transform from which the agent hss beer Agleted.
This seems more intuitively satisfying particnlarly in that
it provides a satisTactory account of the by pnrase. It
could be argued, however, that all such expressictns are
syntactically ambiguocus znd that in the casesz where an agent
is lacking they should he treated as aleso deriving from

the set of transformations listed above. That is to say,

it is possible that we should consider 'The distribution

of the tickets! ac coming both from 'The tickets are
distributed by X', and 'The tickets distribute X'. How-
ever, in the program that has been constructed only the
former derivation is recognized.6 To gimplify matters

still further only nominalizations ol transitive and in-
transitive verbs (not of verbd plus prevosition complexes,

S look up BTC.) are contained in the test sentences. Yom-
inalizations with adjectives {(from adverbial roots in the
kernel sentences) are also excluded. As already mentioned
only nominalizations involving derivational affixes (as
oppcsed to -ing) are handled.

(111) Introduction of prepositional phrases as
post-neminal modifiers

Lees accounts for these structures by postulating
that they are transforms (by deletion of the relative
conjurction and the verb) of relative clauses. The

relative clause transformation operates on a kerrel

_5_
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gsentence enabling it to be int Jjduced into & matrix

sentence.
X+Q-Y) —> X+Q(,)s-Y
3
where Q = 2 (N%) ; R = NP (N°' + Gen + NP)
and 3 = Wi (P} R + N° + 2
and

X - Nom -~ WH + Nom!' - (Prev) Tna + bYe + Y —3
X - Nom -~ {(Prev) Y

(IV) Prenominal modifiers of the kind 'beautifully
dressed' and 'baked'! are not analysed by Lees. We post-
ulate for these expressions a derivational history in-
volving a passive transformation 'Men are dressed beauti-
fully by X', from a kernel 'X dresses men beautifully®;
their subseguent inclusion in a matrix sentence as pre-
nominal modifiers demanding first deletion of the agent
and then deletion of the auxiliary and reversgl of the

sub ject and the verb.

X -~ Nom - Y
>

T + Nom' - be + En + V,. - Nom - (Adv)

X =T -« {(A@3) - En + V__ — Nom!'! -V

tr

The choice of these transformations is explained by
the fact that the constructicon of a program which will
correctly kernelize sentences whose derivational histories
inciude one or more of these transformations demands the
solution of certain probtlems which would appear to be

tyvpical of thoce which would arise if crne attempted to

| -

—— i



construct a Reneral program of this kind.

These are ail forms of the recognition problem.
Clearly one of the greatest difficulties ig getiing the
machins %0 recegnize which transformation or transformations
nave entered intoc the generation ¢f a particular sentence.
It is equally clear that it is impossible to produce the
correct kernel or kernels unless such information is
forthcoming. For example, if 'The ball is kicked by the
boy! is recognized as a passive sentence, then, since 1t
is krnown that in the passive transformation the subject
of the kernel sentence enters into the by phrase after
the ver! and that the object is moved from post-verbal
position So pre-verbal, the correct kernel sentence *'The
boy kicks the ball' (not, for example, 'The ball kicks
the boy') can be retrieved. But not ctherwise.

Notice, however, that in many cases as long as &
sentence, or rar% of a sentence, can be recognized as a
product of the last transformation to be effective in
its generation the participation of certain other trans-
formations can be inferred. For example, if an expres-—
sion 1is recognized as a post—nominal modifier then in
effect it has alsc been recognized that the relative
clause transformation has influenced the structure of
the expression, because the grammar states that post-
nominal modifiers can only be generated through an

optional reduction of relative clauses. There seem-



no peint for the machine actually to preduce the relative
~lause, and for 1t ther to reduce the relative clause 10
the kernel sentence. Instead it 1s an easv enough matter

to write instructions for reducing tne postenominal modi-
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Ancther case where the order in which transformations
ocecur in the generation of a sentence is significant arises
when the sentence has two underlying kernels but where tne
matrix sentence is not a kernel sentence. An example would
pe the sentence 'John was satisfied by the distribution of
the tickets', where the nominalization (itself deriving
from a passive) is introduced intc a passive transform.

Two procedures are possible. The first (and the one actual—
iy adopted here) is, having recognized the nominalization,
t treat the whole phrase as a single element equivalent to
.ominal group, change the whole sentence back irto an
active construction and tnen to remove the nominalization
:rom it. The second involves taking it out of the passive
entence., But 1irn this case provision must bte made for irn-
i1cating that the element that has been removed fulfillean
il the conditions for being an agent. Without this it
v>1ld he 1mpossictle 'o decide the structure of tne kernel
er.tence, s1nc2 tnere 135 50 longer any way of finding out

»

x*¢tner tne by-pnrase war an adverb or an agent (in this




particular case it seems unambiguously to be the latter)
and whether the structure of the sentence under anslvsis
ie the product of a passive transformaticn operating upon
3 kernel sentence containing an adverbisl phrase, with sube
sequent deletion of the agent and substitution of the nomi-
ralization into the adverbial phrase, or the product of =
passive transformation with the nominaligation substituting
in the agent. At its present stage of development, the
theory of transformational grammar is of no help in enabling
us to decide which of these two procedures is to be pre-
ferred, but it seems likely that further investigation of
the "traffic rules" problem might afford valuable insights
inte the procedures to be adopted in the kerneligation of
complex sentences.

Since only a small number of different structures
are handled by the present program the recognition of transe—
forms afforded no real difficulties. But one can form some
impression of the xind of problems that would have to be
faced in constructing a program for kernelizing more, and
more complicated, structures than those at present handled
by studying the complications that arise from the distri-
bution of forms ending in -«ed in the test data. These oc-
cur in the verbal groups of both active and passive sen-
tences and in prenominal modifiers of the kind 'beautifully
dressed men'. The occurrence of the -ed form in the verbal
group 1s a necessary but not a sufficient condition of a

passive sentence. To qualify as a pas3ive transform the

-9~
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The passive of 'The boy had been kicking the tal

1
ball had beern teing Kicked by the boy'. Obviocusly a cor-

rect morphophenemic analysis of the vertal group ir the

J

pasaive sentence is ne ary if the appropriate verbal

oes

el

form for the kernel suntence 1s to be cbrained.

The prograr hendles this complexity but no attemp:
has been made tv enable it to handle the far more diffi-
cult problem of words which are the product ¢f more thar
one lexical re-write rule.g For the purposes of this
experiment a dictionary has been ¢c.structed wnich assigns
only one form class 1o every word. Thus, for example,
house is entered only as a noun gnd not as a verb., BEBEx-
cepticns t¢o this rule are certain forms in -ed which are
entered both as verdbs and adjectives. This is to enatle
the program to reccrd the ambiguous structure of sentences
like 'The boy was tired! which can be analysed both -5 a
kernel sentence with the structure Definite Article + Noun
- Be ~ Adjective and as the passive transform of 'X tires
the boy*' with the agent deleted.lo

Arnother complication the program hardles is the
ambiguous interpretation of prepositional phrases. The
interpretation of by-phrases is a case in poirt. Any-
where a phrase of this kind occurs after a nominal group
it can usually be interpreted as a post-nominal modifier.
ir addition, in any sequence which permits the intro-

duction of optional adverbials a by-phrase car usually
2y A

. = — - .2 ~ - TP - y - 3
ve irterpreted as an adverbial. If the certence ic o
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and trird caves 1t has also 10 be assumed that the serrence
has gore tarough m transformatior deleting tre agent in tke
passive trancsiorm.

There are, however, certain restrictions arising cut

o}

f the structure of the bhy-phrase which limit the rumber

of interpretations that some types can tear, Lor example,
the by-phrases are not agents ir the sertences 'The formuls
was discovered by accidert! and 'He wars brought by cart,
where they seem unambiguously to be marrer advertials (an
interyretation which is reinforced by the ungrammaticalitly
of actives derived Irom tnece cerntences 1f the py-rhrase

ig taken as an agert - *Accident dizcovered the ormuls,

)

*Tar brought him). To ensure that the program rejectic

these phrases as potentisl agerts a distincticorn 13 inirc-

duce: petweer. thoce nouns wrnich c¢bligatecrily taxe a
geictic pefore tnem wher trev occur in sublect porition
and *nose (usuallv called "uncountatle" nour:, =sold
blood, etc.) wnich no ©¢ optioraliy. he occurrerce ¢f

one ¢ tre rormer 1r 71 bLy—pnrase witncout a delictie mars:

tne pnrase as ar adver cial and adlsqualifies 1t as an agert.



Yotice that the reverse 13 not tne case., o, ‘e wa:
brougzht bty the car' sne prepcecitionzl phrace ¢arn te eltner
ar agent or an adverbial.

This distainctlorn tetween rounc which car 4rop tne
dgictic orly wrern they forn part cf prepositional adverti-

al prhrases ana tnoge whlcen also drop 1t i oiner poOsitions
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distinction, sometimes proposed, betweer Yadvervial'! arnd

‘nonadverbiall n@“ns.ll The difficulty witn thlis euge

gestion 1s that .1 seems virtually impossitle tc find a
noun which cannot occur in some adverbial phrare or

another. Apparent exceptions to this rule are thoss pro-

w

duced by nominalizing trarsformations. Put therce are ro-
contained in the lexicor. Since there are no grammatical
restrictionrs on nouns which can cccur in adverbial phrases
1t is not surprising that the program frequenrtly produces
interpretations which are semantically anomalous. For
example, in the case ¢f the sentence 'The boy was embar-
rassed by the question' it prcduces ar = ol is in which
the guecstion'! iz taker ac an adverbial as well ar one ir

which it 1s taker as ar agert. There ceems 10 te ro doubt
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in fact syntactically ambigucus as a
comparisor. with the sentence 'He put a cross by the question'
shovs.

Some restrictions c¢n the syntactic functiors of o

prrases car, however, be made 1in terms ¢f submclaccec -of r
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Thre ungrammaticality of the gertences wnich would have
to b& pocited as the xerrels of 'The work wese finiched
by noon' and 'Coal is sold by the ton' if the prerosi-
tional prhrases are taken as agents suggest thet classes

c¢f time and measure nouns should be recogrized and the

s

restrictior added that nouns from these classes cannot

=3

his resgtrictionrn has been

m

form part of agent phrases.

43

incorporated into the program. ut as they stand the
rules we have posited governing the distributicen of
these nouns are certzinly not detailed enoughn. The
problem is furthered complicated by the fact that many
people would accept 'Christmas bored him'! as a fully
gramratical sentence with a passive transform ‘He was
bered by Christmast.

Further restricticns or the interpretation of by-
phrazes arise when they c¢ccur with certain classes of
verbs. Since the verb put bteldongs to a class which
must take an adverbial complement, (*He put it) ir =a
sentence like 'The parcel was put by the boy' the by-
phrase must be, unambiguously, an adverb.lg This re-

=triction toc is reflected in the operation of the pro-

1]

gram, Tather more ctentatively we rave also recognized
lass of verbs which seem to demand that any by~
phrase occurring after them 1in a passive sernterce be

taken as an agent. The class seems to corslsT exclusively

of verbs cf mertal activity - esteem, admire etc, 1t

4




i oty

might well be that we have confused semantic with syn-
tactic consideraticons here. But the virtual non-oce
currerice of sentences like 'He was asdmired by the
mountaint (where the prepositional phrase zight per-
haps moere rnaturally be taken as an adverbial] makecs
this a fairly safe practical expediexnt.

A necessary condition to be fulfilled by prepo-
sitional phrases befcre they can be interpreted as z
post-nominal modifiers is that there should be a nour
in the sentence in such a positiocn that the relevant
transformations could have linked the prepositicnail
phrase to it. Thus any phrase which occurs immediately
after a verdb or at the very beginning ¢f a sentence can~
not be a post-nominal modifier. Further restrictions
cen be derived frcm the fact that certaln prepositions
rarely, if ever, form part of post-nominal modifiers
because of theilr failure to function as adverbial com-
plemerts in the predicate of kernel sentences taking
part of to be as their verb, which are assumed to bLe
the origin of most kinds of relative clauses, =arnd,
therefore, of most kinds of post-nominal modifiers,
The clearest exampi:2s seem to be the prepositions 1o
and into (*'It is to/into the garden'). But ever here
dgifficulty is caused by expressicns like 'The road

/into Thicago', which suggest that we may have to

O

t
recogr.ize 3 clasz of sertences with verbs of motion

as the source of thece phrases, 1in much the csame wev



40 rerternces witn advervl:l “omplements and have as the
ver: are postulated a. *< source for post-nominal modi-

ciers contmining the preposition with. Nevertheless in

w

ine present program into is treated as occurring in adverbi-

>

<! pnrases only. <Ihe final restriction on post-nominal
n-difiers recegnized by the program is that which forbids
tre intrcoductien of prepositional phrases as modifiers
of personal proper names.

Adverbial phrases, like adverbdbs, are introduced
in the ker.el grammar where they cccur at the en: <. the
verb phrase. Certain sub-classes of adverbs and adverbial
phrasesz are dicrtinguished (Lees has locative, directionsal,
~arag~ and time) and restrictions on their sccurrence in

ravrtences taking part of 10 be as their verb and those

A

wnioh take other verbs imposed. An optional transfor-
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on generates sentences in which the adverbial occurs

+* the beginning. Presumably in a complete Bnglish

crammar one would also have to include a transformation

vmizh would insert the adverbial between the subject

ini1 the verb, as in, 'The university, during the summer
“nh-, 5¢fers no Latin courses'. This syntactical

~urge 15 always accompanied by the introduction of

4,

Se2lan junctare

C

eatures on the phonological level,
vhich are regularly marked in orthographical represent-—
- a‘-.,_-.' oo

o rlacing commas around the displaced eleme:nt.
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Excentions to this ruie seem 1o occur in sentences lixe,
*The congregation on Thristmas morning listened atten-
tively to the sermon®, 'The attack at six ot'clock failed!.
But it szeems thaat in all these c¢ases the subject is inae
product of a nominalization. {Contrast, '"he boy, on

Christmaszs

-

2
N

lorning, listered attentively to the sermont,

my
i

&

=

where the insertion of the juncture marks is oblipgatory).
We postulate, therefore, that these sentences are the proe-
duct of & double=base transformation in which the adverbi-
al phrase is carried into the matrix sentence as part of
the nominalization. Thus in the first case the kernel
sentences would be 'They congregate on Christmas morning!
and 'They listen attentively to the sermon'. The progr
recognizes the occurrence of adverbial phrases after
nominalized nouns in subject positicn.l3
A present limitation on the program is an inebility
to distinguish between the various sub-—classes of adverbial
phrases. This would be more seriocus if it meant the loss
of information which was valuable for diagrostic purposes,
but there seem to be no places where this happens %o any
significant extent. For example, it is obviously an im=-
portant feature of certain manner and time adverbials
that {unlike locative phrases) they cannot take posti—
nominal modifiers. Fut since it is the structural
features that these expressions share in common -~ notably

the omission of deictics - that seem to be the control-

ling fac'o- s here, it is possible to set up an effective



z2zea of adverbi~
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mallon without reference to
21 phrase involved., A4 reason for thinking tnat it might
ce aseful to be atle to recognlize tane classes to which
1xvervial phrases pelong is that it seems that there are
tertain restrictions affecting the juxtaposition of
iaversials of the same sub-clacs. However, no infore
mation on this is ¢ontained in any of the grammars of
English at present available.
The most interesting by-product of this research
int¢e the gramumar of prepositional adverbial phrases
nas been the 1zulation of a sub-class of English prepo-
3:u1i0nal phrases hitnerto unrecognized .n transformational
zrammars. The class is very large and including such
zarases a3 'in love', 'in doubt', 'in question', 'he-
neath contemptt!, 'above szuspicion', 'in jeopardy' etc.
1t3 most notable cnaracteristic 13 that it ha~ no counter—
rart among the subwciasses of adverbs. In addition,
~ e unore of tnese expressions answers the guestions

tiow?!', '"Wnen?', or 'Wnere?', none ol them enters em-
cealdiig eranstormationz whicn introduce them into ine

a7, questiona.  Ajother characterstic of these

is€ 13 that, 13iXe aijeciives, their point of intro-

1 Jiuso .o to the ~rammar 13 Keruel sentences whose verb

. - - PN - . - - ~ - £ S

2Ltar T Satiy Yt L3 o€ or one of tnat group ¢of predi-
- s A +

t.ivs @ L. o,_€8T, GDDEenT, remnain, euc) whcse grammar

Civo@a. Enelea€3 LAt 27 16 Les From tars it follows
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that if any of these phrases occurs in a derived senw
tence in which the verb is not vne of these verbs it
must be a post-nominal modifier. This also acccunts
for the ambiguity of seniences like 'The judge con-
sidered the boy in Jjeopardy', since there is an op-
tional gdeletion of to be in clauses after verbs like
congsider. Like time and manner adverbials, and for
the same reason -~ the failure of the nominal elements
to occur as the subject of a kernel sentence -~ these
phrases never take post-nominal modifiers. The omis-
sion of this c¢lass expressions from current grammars
appears tc be a result of the mistaken assumption
that the distribution of adverbs and prepositional

phrases is identical. This, in fact, is not the case.

14
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Notice *hat tnis s ar emendmernt of Lees transformaticn
(T 46) p. 78, Lees allows only strings containing trans-—
itive verbs to enter inls trarsformation wrich means
there is no source proviced for expressions like 'the
revolntion of the earth'., It is nlikely, however,

that the emendaticr giver. will serve since 1t seems

that only certair intrarnsitive verbs can occur here.

*The collisicn of the car' and 'tne slitherirg of the
sgldiers'! seem only margirally acceptable at best,

Op. cit. fr 4% p. 100,

Partly btecause

§od

t is only ir come cases ('the discovery
of tre pirl!' a3 » .sr3c example) .sat ore can find ary
men~re ¢! goreemert among recople as teo whether or not
trnece evpre clicre really are sy rtactically amblguous,
alrly certair, rowever, that there is a syr-

teorne o umbigogl o nere, 218 ‘*hatn 1t s only the fact

tEat owe o4 oY sme ceoord Interpretallcong are semarti-

Ty
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-

Iyvosromylcos o trar prevents pedple ronm detectin

P
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A program wrhich does this iz described in the Final
Technical Report at the Automatic Langusge Analycis
Project (RADC--TDR-6£5-11) prepared for Rome Air
Development Center under Contract No AF 30(602)-21F85.
A program which handles most of these cases is alsgc
decrited in the above report.

Notice that this still further increases the rnumber
of structures into which the —ed forms enter and
which the program must distinguish.

Possible exceptions are the words hurry and huff

or rather the forms g _hurry and g huff which, strictly
speaking, only cccur in adverbial phrases.

Cf. Lees, op. cit. p. 35.

Lees (op. cit. p. 26) suggests setting up a class
of nouns referrirng to events on the grounds that
only these nouns can take a time expression in the
predicate when they are the subject of the verbd

to be. The solution proposed here ceems more
satisfactory in some respects but the embarrass-—
ment of having to derive a form like gppointment in
‘The appointment is tomorrow' from 'They sappoint X!
right lead one to adopt both solutions.

For example the behavious of adverbs and adverbial
phrases under the nomiralization transformation is
guite different. 'The committee decided it im=-
med.ately' gives 'The immediate decision of the
committee'. ‘'The committee decided it at once"
gives *'The decisicn of the committee®. Strictly

speakKinrg this means that strings of the s*ructure

“
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~ger t0 be ¢ommern te zlil endeavere in fre field, Yars svo
efferts make ure 0of 2 corruz. That in turn recassitzten
csome editing fureticrs shnst wey aither be done ma-ually,

the desirable method,
rrocedure, oOr ceparate from it, either manuall: of sute-
matically, the units of structure in the corpus {phoremes,
morphemes, words, etc., whatever the specific nature of
the task defines as units) are usually provided with some
class memtership, ete., irfcrumar’cn,., Thio function is
usually performed br a Jichionary search procedure. hus
processed, the corpus is ready for whatever proceszing

iz to take place., Whether the task i3z Y7, I3, automatic
b: 4 14

[¢1]

language analysis, etec., the processing phasze usually
consists of some kind of recognition procedure —— mauzllv
irvolving an environment s¢an procedure —— and a

manipulation procedure. Sometimes the atove two phasas

the compatatior Or procesiing are arrar.rel 21tz
r L > 14

maryz2lly or antormatically, in a form thns - oen s 1w
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¢f the grammar 1n the routire, the recind alternative
was adopted.

The Sample Kernelization Houtirne was coded

-
H

for the IBN 709 digital computer svetem, using the IR

Commercial Transistor system as a suburdinate of the IL3YZ

1 } 3 2 t Yy s
Pasic Hopi igh the use of a compiler languaze

..

4]

™
FERS

I.oader system meant sacrifice in the efficiency of the
object program, it guaranteed inc¢rease in the speed and
ease of both coding and debugging of the program.

The task-specific portion of a Detrans-
formation progrem may be constructed along either of two
plans: & recursive or a non-recursive heuristic.

The recursive heuristic (Table I) assumes
an ordered set of rules in the generative system, though
it can be adopted easily to deal with a non-ordered
grammar. The detransfourmation takes place "layer by
layer"; that is to say, a sentence is detransformed
immediately upon recognition of the "most recently
applied” transformation to the state of input to that
trarnsformation. This process is repeated until only
the kernel(.) are left. The advan%age of the heuristic
ig that 1t produces all the intermediate stages in the
"generation" of the sentence, thus yielding rnot only a

phrase structure tree, but a “family tree" of the input

Cetransformation: the operation performed to recover

the source~string or input sentence ¢f a transformation
from the object-string cr output senterce ard informatior
about the transformation invoclved.




ervence, 1llow:is possible (as of yet antried or an=
djetrarcforma%ion-tran;formation combinatiown

24 prodquce wholz families of transforna-

otatly relates sen.Lences. Such a heuristic ceems b

Y

seowmtae melhioan, empl.ovea ... basic research, btiit Le er—

%

tremely cumver:ome Jor any direct applicat:on in MT, IR,

The non-recursive heur.itic (Table II)

9. ame:. an ordered set of ~lens 1n the generative srammar.**

re onsmplete nransformational aistory of the serntence .=
.uvered belore the sernelization procedure takes place.
rernelizat:on then can be a single operation or a

¢p by ctep process. Thiu i3 a lesy satisfactory scheme

Y. the parpoaes of basic research, but the system utilize
iror 1t ws simpler than that of the previous heuristic thus
1..7101g a shorter execution time  Sor the program. Since
the purpose of the experiment was the investigation of

e

c*

feasibility of a Kernelization Procedurz for M7 or

¢ application, the non-recursive henristic was adopted

‘or tne present experiment.

Jue con-recursive heuriatic for non-ordered grammars
11y a.. entirelr different diagram.




Appendix A.

Card Punching Zonventions

Tne input of tne Sample Kernelization douiine consis

exicon and & corpus. Both are punched is -2¥ cards

ot

of a
according to the gpecifications given below, tnen transcribed
ontc magnetic tape in standard, 34 column card images. Both
tapes are unblocked, single file tapes.

section 1. Lexicon card format:

columns 1 through 18: alphabetic text item (zero padding)
" 19 tarcugh §6: indicator code information {(no padding)
" 67 through L0: not examined

The Indicator Code for the Lexicon:

col. 19 verb
20 verb + ed, verb/adjective + ed
21 part of be
2e part of have
23 verb subclass 1.
24 verb subclass 2.
25 modal verb
26 transitive verb
27 intransitive verb
28 vert/adjective + ed
29 verb + ed
30
M riepSsiticn
Xz by

313 prepositior subclass 1.

L'




verb
Ve

ey punctiation,
4 nnctaation, noun
5 pungstuation, verb, noun, prepositisn, ad
Ak punctiation, verd
€30 0., Za Corpus format
Zenn sentence starie in thd Tirst colums of & new zard.
4,43 are separar=23 o, single hiank columns.
Crly the first severtry=wwd columnz ¢f the cards are used.
“wricd is the onlv permi~ 24 and recognized punctuatinn,
e-~,34s are separated from *the lagt word of tne sentence
ingle blank column.
than seventy-~two punch positions,
t¢0 be regarded
see

a
a4 sentencs
the two card:

|
long,

L
-3

umns each) are
card. (for examples,

4

continuous

waen

a 144 column
irput sentence can be more than forty-one words or 132

8;:
arnend.x E.)
rron? positions in lengtn,
.C Word can ve mo than eighteen letters in length.




34

35 gdverh

35 advery

3”7 advert

38 ver)

39 of

40

41

42 deictic

43 noun

44 noun + 3

45 nominalized noun

46 noun subclass 1.

47 noun that is the nominalization of a transitive
verb

48 noun subclass 2.

49 noun subclass 2. & 3.

50 noun subclass 4.

51

52

53

54

5 adjective

56 deictic

57 adverb, punctuation

SR adverd

59 adverb, being

60 adverb, part of have

51

e
R




Botopisig v, men

Anpendix B.
Final Form of the Indicator Cole

The indicator code occupies two 16 tit machire words.

First Word

3 verd
1 verb + ad, verb/adjactive + e&d
T 2 part of te
3 part of have
4 verdb cubclass 1.
5 verb subclass 2.
& modal verb
7 transitive verd
8 intransitive verd
9 verb/adjective + ed
1C  verd + ed
11
12 preposition
11 by
14  preposition sudbelass 1.
15

16 adverb, adverbial prevnositional vhrase, nnst nominal
modifier prepositional ohrase. 3=rd order bracket

17 adverb, adverbial vprevositional ohrase

18 adverb

19 very
20 of

21




21 deictic

21 rony

5 noun + s

c6 nominalized rnoun
27 nour subctlass 1.

ol noun that iz the nominalization of 8 transitive verdo

29 noun subclass 2,
3 nour subeclsass 2, & 3,

11 noun subclanz 4.

secord Word

5 adjective

1 dglictic

d advern, punctuaticr, bracre*
2 advert

4 advert, being

L adgvert, rart ¢l rave
2 adlecrive *har ir ircide a 2=rd order bracket
7 pass1ve verierhrase, acticrn noniral gzgation of trarcit.ve
vert
verr, purcinuaticr, romiralized rour phrarce

riour;, punctuatior
1z verr, rour, rrepociticn, edveri, punctuaticr
1 verty, mno:r, purctuaticr, pascive veriu-phrace, MRS DICS ST o Tl - ¥

roar not in any bracket

S



b
by

punctusation, panssive verb-phrase, sgent phrase,

atvicn rowpinalizaetion of a8 trar=itive verd

13 purctuatior, paszive vert-yhrare

14 punictuation, verb subeless 2 in a passive verb-phrace

15 same acs 13, rlus actiorn romiralization of & trarcitive
verb

16 first order bracket £ agent

17 punciuation, nomiraliged noun phrase

12 firet order bracket

19 gecond crder bracket

20 third order bracket, poet nomiral modifier prepositional
phrace

21 plural

2z tracket

23 gsipgular

24 post rnomiral modifier rrepositional phrace

25 agert

2€ adverbial prerositicral phrase

27

28

29 passive verb-phrase

3C
31

-

Lt
(3]

s
[

Lo
o

o
AN

rouri~phrace

roun~phrase that is sutject of passive centence
roeinalized noun-phrase

acticrn rominalization of trarcitive ve-b

action nomiralization c¢f intruncitive vert

passzive ac pre-nomiral modifier

e o AR S g L e s - PR ~



Appendix C.
The Sample Kerneligation Joutine

Thase 1, The lexicor is irput and is converted t¢ internal

format.

FPasg 1. One sentence of the corpus is irput, converted to

irterral format and furnicshed with dictionary information.

Pass 2. (Processirg from left to right, each word is pro-

cessed even if it is already inside a bracket. “WORDY de-
signates the word ir the corpus currently under scrutiry.)
1}  if WORD is verb + ed or verb/adjective + ed, then
go to Rout A,
2) if WORD is a romiralized nour, then go to Rout T.
3) if WORD ie a prepositicn, then go to Fout €.
4) if none of the above, then go to next word for
processirg.
5) if end of sentence is reached, provide terminating
punctization, then go to Pass 3.
Rout A. (part one of this routine recognizes noun-phrases
corntalining passives as pre-—nominal modifiers; part two
recognizes passive verb phrases.)
1) iz WORD immediately preceeded by "very"? if yes,
mark WORD as adjective and exit.

2) is WORD preceeded (ignorirg “being"” and adverbs

only) by part of be? if yes, 20 to Rout A., part two.

part ore
) is WORD preceeded (ignorirg everything but

-l
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arbeackere ! vearbes, v l-escketed oo oo, pasciv

veriephracers arf rcure-wrarec’ troar rirackered

roun 2y ary nonn-parace”  IT rer, *rer exit.

2o BTTL S lictwel {imerir aifentive  rly) v oa
Lyl - .

rour? 17 ro, thern ewit,

i e adverls
Vi ooy g deictie? 1f ves, olars trhe cgcoord ordier
tracket tefore the deictic and o o &..,

10 WOTD inmediately preceeded by an adverh? if ver,

vlose tre reccend order hracket tefcre the advert and

Lo

to oto S

*

b4
]
£
o

e tre record order tracket tefcre tre W27,
cell corter*. ¢f the recond nrier bracker ar "roun
rhrare with racclive ac pre-romiral mediriert. et
tre rurter rmarker t2 egial that of the lsst roun irn
the brackes, ard erit.

1

oper. secord crder bracket a

-y
[o7

ter the verhb = .

is part of be preceeded (i«roring only adverbs ard

rarts of have) by a modal vert? if ves, ther clo .

trhe «ecer d crder lLracket refvre tre modal vert and

1s part of te preceedes {i-rorirg adverds orly) by

part c¢f rave? 1if yec, ther close the cecond order

trac<et t27~re the rerc of have, and 10 tc 9.

close .econ! orier Lracket vercre part of te.

call tre cortents of the seconrnd crder tracket ac

n

Tas5i .ve vertephrace", arnid €exit.




Rout B. (this routine is designed tc recognize roun-
rhrases resultant from action nominaligatiors).

1) ie WORYD immediately preceeded by a deictic? if
yes, ther cper secord order tracket before the
deictic, and go to 3).

2) cpen second order bracket before WORD.

3} is WOND immediately followed by "of"? if ro, then

close the second order uracket after the WORD, and

Fe
[}

to 5).

4) find the last noun following WO0SZD, vefore crossing
any verbs, prepcsitions or adverbz, and close the
second order btracket after such noun.

&) call the contents of the second order bracket as
"action nominalization® and set number marker to
singular,

6) if the first roun in the phrase is & nominaligation
of a transitive verd, then set marker to "iransitive®,
and exit.

7) set marker “"intransitive", and exit.

Rout C. (this routire recognizes prepositional phrases and
assigns them to one =~= oOr more—- of the following categories:
adverbial, post-nominal modifier, ard agent).

1)  open first order bracket before WORD; find first
noun following WORD {(ignor.ng everythirg). Iz this
noun followed by other(s) bvefore crossing ary vrerbs,
prepositions, cor adverbs? If yes, ther cloce bracket

after the last one of such nouns; 1f no, ther. close

bracket after the first noun located.




4)
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Sunet? S

[@+]
ot

3)

[N

roun in the first order bracket a member

of rour subclass 17 1if no, 20 to £).
ig WIRD immediately followed by a deictic? 1if ves,
tren go to 5.

ig WORD If yes,

immedliately rreceeded ty a noun?

thern mark catepory as "post-romiral modifier” ard
exis.

mark category s "adverbial® and exit.

iz WORD "oy"? if no, then zo to 117.

is WORD fellowed {igroring deictie) by a nominalized
noun?  if ne ther gzo to 9).

mark category as "agent™; mark number as
and exit.

iz WORD preceeded bty a verb of subclass 2 that is
a tracketed passive verb-phrase? if no,
ther go to 11J.

immediately preceeded ty a bracketed agent”?

5,

then o to 14},

mark category as "agent”; mark rumber as equal to

that of lact noun irn the first order tbracket; exit.

if yes,

trher mark catesory as "adverbial", ard exit,

1= W3I¥D preceeded (arywhere ir the serterce) ty any
~ert or any ncur-phrase containing actior
reminalizaticn” 1T ro, o4 te 140,

mark categorv az "adverbial"” ard exit with the

-

~egntence; alrc Ccreate duplicate of itre zentence markedld

1Y
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with the last WORD prcceszed, place duplicate

zsgnternce ir pushdowrn =tCrage for processing Lo
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gtart at Yout 7., rule ii..
is ¥C3L immediately preceeded by & nour that is

rot an action rominalizaticn® 1f ro, ther go

ig the lasi noun in the first order btracket a
member of rncun subelass 27 il rne, then go to 17;.
tie noun

r BOODT o mamhav AF mesye oo ha
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class 2?2 1f no, ther. go to 22).

g0 to 211},

is the noun preceeding WOID a member of nour
subclass 27 if ves, thern go to 22).

ig WORD immediately preceeded by a firet order
racket, the lazt noun o¢f which is a member of
noun subelass 47 if yes, ther zo to 22).

is WO3D immediately preceeded by a firet order
bracket the last roun ¢f which is nst irflected
with an "s"? if no, ther go to 21).

is WORD immediately preceeded by a nour that 1is
in a gecornd order bracket, 2md 1+ it ir turr
preceeded 1rn. *~z rcecond crder btracxKet tv oa
deictic? 17 r¢, trnern -0 0 S,

.
L0 L0 i
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1z the nourn that preceed:s #7720, 1ir <urr preceede:
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diectives) by a dein>t1ic? 1! rno, tier

exit with tre .ertence. .o HJTT 1o "M osrer
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an action nomiralication of a transitive versu®
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part one

-t
S

2}

3)

4)

5)

6)

is the last noun in the first order bracket
inflected with an "s"? 1if ro, then zo to 312},
mark categzory as “a int" and mark rumber as that
of the last noun ir the Tirst order bracket; exit.

a
zo to 23%),

(process from left to right, starting 8* the
first word of the sentence).

ig there a nominalized noun-phrase in the sen-
tence? if no, then go to part two.

open a third order bracket before the nominalized
noun-phrase.

is the action nominalization that of a transitive
verb? if no, then go toc 8).

close third order bracket after the action
nominalization noun-phrase {ignoring any con~
tinuous string of first order brackets).

starting procecsing at the end of the third order
bracket just created, go to 1).

close the third order bracket after the action
nominalization {(ignoring any continuous chain

of first order brackets, except those of the
category "agent".

go to 5).

(proceed same as in part one.)

is tnere a passive verb-phrase in the sentence?

if no, then exit.

T I
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Al1l reject?! -entences are immediately
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3

processing,  The puashdown

s

storage 1- rot emptied untill the procesaing of

= &

the saentence under consideratior is terminated.

In the fecllowing szecticn, an arbreviated notation

is used whore kKey is ziven below.

The term "free" means that the itemr in gquestion
is not inside any brackets., In the case of an
"agzent", 1t mears that the agentive preposit—
ional phrase 1r not irside a third crder tracket.
(1), (2), (3), wean the ctrirg contained ir a
firs*, s=sacond or third -rder bhracket.

"Yocc" mea s 1 post ncminal modifier preposit-
ioral rhrase. “F-Tas mean: tae pas-ive vert-
rhracse,

F means any rour-phrase; P=""d rearns a nomi-
& :J

ralize? rnoun nrrase {with possible indications

0f the tranv-itivity oT the source vert).

WPF=7/A merin a noun-phrave contairning a paszive

v oy g b PN ~
vLoe~r iy ~3itier.



& porticr of the storanze uzec ir the detrarsor-
maticral secticn oi the program corsiste of -~evern
ceparate =secticnz, labeled ruccecsively as /0/aft,
/i/afv, /e/att,..../6/aft, Fefererce to these
rames are refererces to0 tle named cecticns cf the
machine's storage.

niges the specifiic tranzformaticns

]

Thie pase recos
trat have bveer performes orn tte cbject senternce,
ard on the tases of cuch informaticr will atterpt
kerrelizing the =erntence. The lassive Temtrans-
formation will be attempted first, in every case;
the two rnomiralizations will be attempted next,
and finally the loco.

Ir any stage of itz decomposition, the senterce
will tollow tre atove order. If, havirg attempted
all four de-transformations, rone of them arply,
the sertence is ascumed to be a kernel and will be
rlaced or the ocutput.

Pre-letransformaticn Diagnostics

1) is there in the centernce a (2) marked "VP-Pag"?
if yes, g0 tc the Passive De-trarsformation,

2) is there ir the sentence a (Z2) marked "NP-Ng"?
if yes, pc to the Yominalization TDe-transfor-

mation.

L
e

is there in the senterce a (2) marked "NF.V/A"?
it yes, g0 to the vert/Adj—ed De-trans“ormatiocn.
4) iz there in the sentence a (1) marked "Moco"?

if vres, #0 to the NMoco De-transformation.

-4 -



output the sentence and return tec Overall Control.

Detransformation

kv
Ly

.
e

AR}
Soans?

€)

D
e

~

S

16)
11)

are there any adverbc immediately after the begin-
rirg of the sentence? if yes, move them to /0/aft.
weve first VP following the teginning of the sentencs,
and all the (23) ¢r unbroken strirg of Mocos fol-
lowireg it, to /4/aft.

are there ary prepositicral phrases or adverbs
following the item last moved? 1if yes, move them

to /1/aft.

move VF-Pag to /3/sft.

are there any adverbs and/or prepositional phrases

not equ. free Agents, following the VP? if yes,
move them to /5/aft.

is there a free Agent? 1if yes, move what followsy
"py" in the Agert, any unbroken =tring of Mocos,
or the () it cortains, to /2/aft. if no free
Agent found, move X to /2/aft; go to 8).

are there ary unmoved items following the free
Agent? if yes, move them to /6/aft.

do VP Yorphographemics.

delete all indicator codes marking items as Agent,
VF-Pags, NP-Pas.

mark history

convert and exit.

Pascive Ac Prerominal Modifier Detransformation

1)

n
~—

move the ¥p and any unbroken string of NMocos fole

lowirz it tc Working Storage.

replace moved string by "X" in the Matrix string.

-4




if "X" is preceded by a prepositior, n.ve ihe wiisi@

indicator code of the prep. to the irdi. code of wxn,

Ly
S

push down the Matrix string.

4) move X to /0/saft.
Y  ig there a deictic at the head of tre string? if

yes, move it to /2/aft,

€) is there an adverb in the phrase? if yes, move it tu
/4/aft.

7}  move the verb/adjective to /t/aft.

8) move nour and any following string of Mocos to /3/aft,

9) delete ali btut the Moco bracket information.

12}  mark history.

11}  convert and exit to Vocos.

Transitive Mominalization Detransformation.

1) move tke ¥P-Nd and the rest of the(3) if there is one,
to Working Storage.

2) replece the moved string by "X" in the Matrix string.
if "X" is preceded by a preposition in the Matrix
string, then move the indicode of the preposition to

the indicode of "X".

3) ruch down the Matrix string.

4) move the —ed verbal form of the Y4 roun to /1/aft.

5) if there ar "of" following the Md noun? if no, move
"X" to /2/aft; go to 7).

£) move the roun that follows "of", the deictic that pre=-

cedes that noun (if ech exists) and any unbroken
string of Mocos following the nocun to /2/aft.

7)  is there arn Agent following the moved items? if no,

-4 -
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R

move "X" to /C/aft; go o ).

%)  move contents c¢f Agent tracket that fcllow “ty", and

ary unbroker strirz of "ocor fellowins that, tc /0/aft.
G)  move any uanmovad prefositional -~hrare- tc //act,
1C) delete in /0/aft all informatior marking item, a: agart,
11) delete throuzhout arny informatior markirg items as 3

rnominalization.,
12}  mark history.
13} corvert and exit to Yocor,

Intransitive Nominalizatior Detransforration.

1) through 3) iz seme as transitive nomiralizatior detrans.
4) move ~ed verdb form of 1@ nour to /1/aft.
5) is "of" immediately following “d noun? if no, move
"X" to /0/aft; go to T).
6) move deictic follcwirg "of" (if exists), noun followire
it, and any continucus striny of Yocos following the

noun to /0/af+,

-3

move any leftover {1}z (if exist) to /2/aft.

8) delete throughout any markings of HP-Ng or (3).
9) mark history.

Q) convert and exit tc “oco.

Moco Detransformation

1) move Moco to Working 3torage.
2) puch down the VMatrix string.
3)  move "X" to /C/aft.

4) move "is" to pcsition /1/aft.,

5) move Yoco +tc /2/art.

Y

6} delete all narkirgs of trackets.




7)

mark history.

£} convert ard exit.
VP Norphographemics Joutine
find part of ve {(p.o.b.) prec. 7-ad, ignoring adverts
only.
a) is p.o.b. equ. “is", "are"? if yes, delete the -ed;
€o to Al.
t) is p.o.b. equ. "was", ®"were"? if yes, go to EF).
¢} is p.o.b. equ. "bte®? if yes, delete the -ed; =c tc Tl.
4) is p.oc.b. equ. "bteen"? if no, go tc 7).
e) find part of have (p.o.h.J).
f is p.o.h. equ. "has"? 1if yes, g0 to A%,
g) is p.o.h. equ. "had"? if yes, go to B).
n) is p.o.h. preceded (ignoring adverbs only) by a modal®
if yes, go to B).
i) go to A%,
1y if VP~Pas was marked plur., substitute stem form for
vert, if it was sing., thern substitute the plus s form;
then go to E).
A%) if VP was marked plural, change "has" or "have" 10 nave,
if #ing., change to "has". then g0 to B).
)  delete part of be. move up the rest of the sertence *o
cloce the gap. g¢ to De~transform diagrostices.
®) a) replace V-ed by V-ing.
t) is p.o.b. equ. "is", "are"? if yes, is the VF sing.”
if yes, replace p.o.b. by "is", otherwise by "are";
g0 tc P},
c) is p.o.b. equ. “was", “were*? 1f yes, 1s the VF

R S
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irg.? if yes, replisce p.o.¥. Ly "was", otherwise
oo, p)

ty "were"; go to

- aj iz p.c.b. egu. “be"? 1t ves, go to F).
e) fird p.o. 1. preceedirs the p.o.b. isnorine

adverbs nrlw

£ is p.o. h. equ. "had"? if yee, go to B},




Appendix T.
Jperating Frocedures of the ampie

Ferrvelizatior Jouting

The 5ample Kernelization Joutine i3 t> be run unier

4
o

the 5YS Rasic Moriter ir the Tommercial
on the I™M 709 computer.

3ystem setup procedure is standard IT3Y3:  the inpn
tape {sysini) is to contain the IPIVI control cards, the
binary deck of the program, and the lexicon., The <orpus 1
mounted on a special input unit (sysus4’.

If termination of the program i: desired after pro-
ceasing the available corpus, then pannel keyv 35 is to be
pressed down sometime after the start of the pre¢gram. 1f
kXey is not deprezzed, program will halt awaiting new corpu-
to be mounted. “estart then can be achlieved by pushins the
Start button.

The depression of kXeys 31 through 14 will produce ar

expansion of the ocutpu*t to include intermediate dumps of

program. With the above keys up, these dlasnestic gro-
naduracs are bypasseid.
The outpu* is unblocked, %o be printed or ar IFY 1471

with a 132 »ositiorn printer. The ocutpu*t tape 1 termi-ate:

bty three end-of-file=.




‘The program auiomatically :ewinds all tapes except the

system tape.

Note: Appendices B, F, and G are machine li;tings end are

attached as such,
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Y ) 2 - M - e 3 e s
1) How does the information ccntent of ar ¢rig:inal Erglairn

asentence compare with that of its kerrelizec¢ form

o

2y How well weould researchere be able to read printoutre frow

auch 3 data-analysis program?

3 : 5 - {5
With regard *¢ the firsct guerticrn, ceveral tests (i—iV]

were run con groups of "naive" subjects (not acquainted with

X

lirnguistics or kernelization) and on several project staff

members. 1t was decided that analysis of any changes ir the

%

irformation content of a sentence during the kernelization
process rejuires thorough study by logicians,

Conicerning the guestion of the "readability" of proposed
printout formats, three forms were compared {(Test V}: =2 form
ir. which an "answer"-centence printout would be in regular
English, one in which the printcocut would consist of sentences
ir kernelized forms but with any syntactic ambiguities re-~
csolved {(i.e., only one kernelization printed out for each
sentence), and a form in which all possible kernelization=ir=—
terpretations of any one sentence were prirted out (leaving
the research to resoclve the ambiguities). Yeaee Corps volun—
teers undergoirg training at Indiana University were tihe
sutjecte, being requested to read a set of four senterces 1irn

prirtout form and answer questions concerning their content.

The results shcwed no sigrnificant difference tetweer




the comprehensibility of English and ambiguity-resolved
kernelized forms; however, comprehension o& the amoiguous
kernelized forms was extremely low, subjects often choosing
the incorrect ambiguity-resolution form.

The prime conclusions and recommendations from this
phase of psychological testing were:

1) 1t 13 predicted that there will be a problem, if
such a program is prut into use, of acquainting researchers
with the process of reading printouts in kernelized form
well enough to be able to "reverse" it in their minds. _For
this purpose an extensive but simple and concise syllabus
will be needed.

2) In reading kernelized printouts, inference will be
a problem. In some cases it is easier to infer information
not explicitly contained i» the printouts —— when such in-
ferences would not be made from the original English version.

3) The presentation of multiple versions of ambiguous
gtructures, i.e., kernelizing a sentence once for each re-
solution or combination of resolutions of syntactic ambi-
guities possible, puts an intolerable burden on the rcader.

1) in general, then, full kernelization would seen

to be undesirable for any ordinary data-retrieval purposes.
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rist of individgual sentencs

Ui

& passages telow con
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)

a paragraph ¢f & semi-taechnical book. Your task will be to
read the pasz3ag£es and answer several mulhiple~cholice guestions
concerning their content. This is pot a test of your ability
to comprehend. The test, az will be explained later, 1is
designed t¢ explore the information content in the passages
themselves, and, I repeat, not your ability to comprehend or
extract such information.

For each paragraph of ligted sentences there is a group
of maltiple~choice guestions. Each questiocn 1s limited to a
gingle sentence, but there is not necessarily an equal number
of que=ztions about each sentence -~ some may have three ques-—
tions about their content whereas others may have only onhae.

You will be allowed to refer %o the sentences while
answering the questions, Please don't feel you need to hurry
-— give each gquestion as much consideration as you feel neces-
S&ary.

Record your answers on the answer sheet provided, by
circling the letter of what you feel is the correct answer.
Please answer all the guestions, even if you must guess. If
you have any questions concerning these instructions, please

ask them now before you begin.




"egular Test"

' i

i
A, 1t would be outside the scope c¢f this book to discu:s
Ptolemy's elaborate attempt to describe the complicated

movenents o the seven planets.,

E. Brietly, taking the earth as the center of the universe,

he explained the heavenly pnenomena visible to the naked eye.

;Y

C. He also forecast the position ot the sun, moon, ana

planet: at any given time with fair accuracy.

D. The unreliability of his planetary theories came to
li1ght only whenr ncre exact instruments were deviced, a
development which %ook place long before the invention ol

the telegscope.




Instructions for "Kernelized" Test

The passages below consist of individual sentences from
n paragraph of a semi-technical book. Their strange tform 1ic
a new type of grammar which we are testing. Your task w1li
be to read the passages end answer several multiple~choice
questions concerning their content. This 1s not a zest o¢
your ability to comprehend. The test, as will be explained
later, is desig-ad to explore the information content in the
passages themselves, and, I repeat, not your ability to com-
nrehend or extract such information.

Since we have broken the sentences up into smaller one:,
they are interrelated in ways it is difficult to show. To
s0lve this problem, these relationships are expressed 1in
either of two ways. Some interrelationships are denoted by
a symbol (suech as "X"), which is defined at the bottom ot the

list. This symbol refers to one of the otuer sentences whic~

could be inserted (for example, as a clause or prepositional
phrase) in place of the symbol. For example:

(K1)  Johny went to work for X.

(K2)  Johny earns money.

Where X = K2.

This is a "break up" of the sentence: "John wen! to work to
eqrn money."

The second method of showing an interrelationship con-
cerns the use of a subscript. If a word or set of words

wvi.ch appear in different "parts" of a broken-up sentence




refer t0 ine same srecific thing, this is dénoced oy mean:
0 & subscript attached to each word: e.g.a "John" in both
sentence-parts avove refes to the same "Jeohn", nence both
have a cim.ilar sabscrint “u".

¥or each list 0! centence-parts there is a group o¢
multiple-cnoice questions. Each question 15 limited to a
cingle sentence, but thnere 1s not necessarily an equal
ziumber of guestions about each total csentence —— some may
have three questions about thei: content whereas olherc
may have only one.

You will be :llowed to refer to the sentences whllé
answering the gue:tions. Pleare don't teel yocu need to
hurry -- give each questlon as mucn consideration as you
feel neceésary.

Record your answers 9n the answer sheet proviaed, by
circling the “etter o what you “eel 1s the correct answer.
Please answer all tne question:.., even 1f you mus, gLuess.

1" you have any questions concerning these instructions,

please ask them now before you bpegirn.
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(K1)
(ko)
VK 3)
(K4)

(¥5)

(%1)

(V2a)
(K2b)
(Koc)

3

"Kerneilzeu" last

“nis vOOK nas g >Copey .

X woula ve outside a Scopey .
Ore aiscauues 7.

Ptclemy attempted 2 :: an elaborate way.
Ptolemy dgescrites W,

The severn planets move 1n a compilcated way.

Where X = K3, Y = K4, 2 = K5, W = KA

We describe X oriefly.

Ptolemy explained heavenly phenomenaj by meanc 0.
deavenly phenomenaj are visible to the nakea eve.
Ftolemy took the earth as a centery.

The universe hans a centerk.

Where X « K2, ¥ = K4

Ptolemy also torecast X fairly accurately.

Tne sun 15 in a position at any Jiven time.

The moon is 1n a position at any given time.
The planets are 1in positions at any given time.

Where X = K2a, K2b, K2¢, Y = K3

X came to light only at a tlmej.
Planetary theoriesk were unreliabile.

Ptolemy had plenetary theoriesx.

someone deviszed more exact instrumentss at a time .
J

Y 15 a deve]opmentm.




ot

1.

Y

(KF6) A nevelopment, took place long berore time,.

(K7)  ‘omeone :nventea the telescope at time,.

. .. . , . 1
Where 72 = 12, ¥ = ,[\.4, 2 - K7 1

<9 vt

Juestions

Prolemy

A. Conrlaer: the earth ar thne center of the auniver:e,
b. sai1d notnins of visible heaverly pnenomena.

C. wa: concerned with how far the ey2 could see.

1. haa :;ood ir.trument:. to work with,

Ptolemy's planetary theories

a. were trustworthy.

b. were proposed after the inverntion of exaect Lnstrume:rt
c. were nnrellabie.

5. were proved by the tele:cope.

Ptolemy haa ftair accurany
a. 1n devising observational instruments,

b. 1n the scope 97 nis book.

¢. 1ir predactins the positions of the sun, moor, anv piwu

e i Jainalnge the center of the earth.

The above passae

a. speaks of the nature of light.

r. tells how Ptolemy explained the licht from :tar..
¢. has an elaborate :cope.

a. cannod discus.: Ftelemy's whole theory.
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9.

Ptolemy

Ptol

a.

could forecast the position of tne rurn 3%t a
rarticular time.

irvented the telesrope.

4
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e the
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t
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y exact insiruzents.

b
*J‘

e’-

emy sttempted to-

write a bock in an elaborate way.
describe tne planetary movement.
pxtend his scope by a discussion.

develop an elaborate telescope.

rtolemy's planetary theories

The

The
a.

b.

involved a theory of light.

were proved unreliable only by the invention of
telescope.

were included in the zcope of his book.

were proved unreliable by the invention of more
exact instruments.

universe, according to Ptolemy,

is visible to the naked eye.

has a huge scope.

has the sun at its center.

has the earth at its center.

invention of the telescope

enabled Ptolemy to forecast heavenly phenomena.

00K from wn.cn the rancages are taxer.

the

occurred after Ptolemy's theories had been proved

unreliadle.

«50a
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d.

(x)

(x)

(x)

becar the rrocess of developing mcre exact
ingtruments.

spawned P+olemy's planetary theories.

In Froper Jrder

Ptolemy atiempted to

.A. _wWrite a 0OCK 1r an eiaborate wWaj.
v. nescribe -ne planetary movement.
o. exte~d -is scope ts a fiscussion.
d. develop an elaborate telescope.
The above passage
a. speaks of the nature of light.
b. tells how Ptolemy explained the light from stars.
¢. has an elaborate scorpe.
d. ecannot discuss Ptolemy's whole thecry.
Ptolemy
a. considers the earth as the center of the universe.
b. said nothing o¢f visible heavenly phenomena.
¢. was soricerned with how fer +he eye could see.
d. had good instruments to work with.
The universe, according tc Ptolemy,
a. is visible to the naked eye.
b. has a huge scope.
¢. has the sun at its center.
d.

hes the earth at its center.




1.
(X)

(X}

(X)

(X)

Ptolemy

a.

k.

could forecast the pcsition of the sun
at a particular time.

inverted the telescope.

wrote the booK Irom wrich the passages
are taker.

devised very exact insiruments.,

Ptolemy had fair accuracy

a.

b.

d.

ir devising otservational instruments.
ir. the scope of his book.

ir. predicting the positions of the sun,
moon, and planets.

in finding the center of the earth.

irvention of the telescope
enabled Ptolemy to forecast heavenly phenomena.

occurred after Ptolemy's theories had beer
proved unreliable.

began the process of develcpirg more exact
instruments,

spawned Ptolemy's planetary theories.

Ptolemy's planetary theories

d.

Ptolemy's planetary theories

a.

b.

were trustworthy.

were proposed after the invention of exact
instruments.

were unreliable.

were proved by the teiescope.

involved a theory of light.

were proved unreliable only by the invention
of the telescope.

R
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c. were 1included ir the scope c{ uis k¢

(X) 4. were ;roved unreliable by tne inventior
of more exact instrumerts.
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est of Information Stability

We are attempting to acsess the "informational

stability® of any text as 1t passes from origiral Englizh

to its kernelized versicn. Listed below are several

"W

kernelized serntences: your task will be to attempt =
"reconstruction" of what you feel must have been the
criginal sentence from which the kerrels are drawn.

Taking the kernels which compose a sentence, your
task will be to "build" them again into a readable Engli:h
sentence such as cne might find irn any written material.
Where you can, try to use the vocabulary ~ontained in the
kerrels (however, form may be altered: e.g., a verb from
a kernel may fit most appropriately into a sentence as an
infinitive—~-a "reverse transformation" so to speak). In
other words, try to reconstruct what you feel is the
original sertence from which the kernels were drawr.

On a separate sheet, please note the number of the
kernelized sentence which you are "reconstructing” and
write out your reconstruction. Please do not confer
with others concerning the test. If you have any questions,
rleases feel free to ask the examiner. When you have
finished, if you have any comments concerning the test
(e.g., was it unclear or misleading in parts?), please

list them at the bottom of your last answer sheet.

’
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1st passage:?

(F1) X came tc light only at a timej.
(R2) Plaretary theories, were unreliable.
(K3) Ptolemy had plaretary theories, .
(¥4) Someore devised mcre exact instruments at a tize ..
(K5) Y 15 a development .
(¥6) A developmert, took place long before time,.
(K7) <Someore invented the telescope at time, .

wnere X = ne, ¥ = Fd
2nd passage:

(1) Something ionizes some atoms. because of X.

J
(K2) Atmospheric elements have atoms .
(kX2) _ntensive ultravioclet radiations, are from the sun.
(K4) Intersive particle radiationsy are from the sur.
(Ks) Intensive ultravioclet radiations_ are at such great

altitudes. g

(K6) Intensive particle radiations; are at such great
altitudes.

(R7) Some atoms,‘_j have lost an electronr tecause of X.

(R8) Y is equivalent to Z.
Where X = K3, K4, K5, K63 Y = K1; Z = K7
srd passage:

(K1) Oxygen hac tons .

(K2) Nitrogen has ionsg.
(K3) Other things have ionsg.

(x4) 1onsj are positively charged.

(xs) lons, are positively charged.
(K6) lonsy are positively charged.

(K7) Free electrons carry negative electricity.

5
-




Test 111 _

Ormp——

Logicians rest of information Statility

We are attempting to assess tne "informational

stability" cf any text as it passecs from original English
to the kernelized version, Listed below are several sen-—
tences, each in both original and kerrel:zed torm. Com-
paring the kernelized passages below with their "orizinal -
Lruglish"™ [accecec, do van find anv places where informa-
tion is lost, erroneously gained, or ambiguous?
Informatior is defined as "questions which can be
asked andi answered bv tre passage." Ar example of in-
formation loss would bte the case in which a question
which could be answered correctly by the original English
rassage is not answerable by reference to the kernelized
passage. Information gain is found when a guestion, un-
answerable by the original passsge, may be answered by
the kernelizatior (presumably errcrneously). Ambiguity
iz defined by the case in whick a guestion which permits
of only one answer in the "original® will have several
possible (if not plausible) answers in the kernelization.
Your task will be to lcok for such examples of in-
formation loss, gain, or ambiguity. To do this it is
sugeested that you compare the two forms for each sen—
tence, and, when you find what seems to be an example

of information loss, etc., formulate a question which

can be answered by the information in the original but




not by the kerneliza*icr (info. loss), ore which could be
answered by the kernelization but not the original (gair),

etc. The guestionc should be logical and apropos of the

(44

material, as though thne particular cserternce were contained

in & Ccorpus whinrh ysu were recear..1ng.

L7

Please list the questions and the information you
feel is lo=t, gained, or ambiguous on a separate sheet.
We would also appreciate your ¢iting the transformations
(if idertifiadble) where ycu feel the information of the
original passage was somerow altered. Flease use the
form:

(1) Passape number

(2) Information lost, gained, or ambiguous

(3) Question(s) ‘

(4) Source of information loss (transformation(s)

If you have any questicns, please don't hesitate
to ask them before you begin. After beginning, however,
please do not confer with anyone other than the examiner.
After you have finished, if you have any comments con~
cerning the test itself (e.g., if anything was unclear
or misleading), please put them at the bottom of your

last "answer sheet®,




1s5% passage:
A. The unreliability of his piaretary theorie: came t¢
light orly wrer more -xact instrumernts were devizec, a
tevelopment whicr tcok rlace iorg pefore the irvertior
-f the telesccope.
B, (R1) X came 0 light orly at a timej.
(K2) Planetary thecries, were unreiliatie.
(K3) Ptolemy had plaretary theories;.
(K4) Someone devised more exact instruments at a time ..
(R5) Y is a developmertp.
(KE) A developmenty, took piace long Lelore timeg.
(K7) Someone invented the telescope at timey.
Where X = K2, ¥ = K4
2nd passage:
A, Furtrermore, scme atoms of the atmospheric elerents
are ionized—--that is, have lost an electron—-——becauc.
the 1ntensive ultraviolet and particle radiations from tne

sun at such great altitudes.

t1Y

. (K1) Something ionizes some atoms ; because of X.

(K2) Atmospheric elements have atems .
(K3) Intensive ultraviclet radiationcg are from the sun.
(K4) intensive particle radiationse are from the sur.

(Ks) Intensiveée ultraviolet raciations, are at such
great altitudes.

(K6) Intensive particle radiations, are at such great
altitudes.

(K7) Some atoms have lost an electron because of X.
(R8) Y is equivalent to 2.
Where X = K3, K4, K5, K6; 7 = K1, Z = K7

-



ird passage:?
A, The 1nnc of oxygen, rnitrogen, etc., aée positively
cnarged, whereas free electrons are carriers of negative
electricity.

Mo (K1) Oxygen has 1onsj.
(K2) Nitrogen has 1ons,.

(K1) Other things have 1once.

(Ka) 1:>n£:J are positively charged.

(K5) lons, are pesitiveiy charged.

(K6) lons, are positively charged.

(K7) Free electrons carry negative electricity.




Survey of Printout Form !

The passages presented here are examples of a print-
out form we are contemplating. What we are seeking to ex-
rlore is both the "readability" and "information extract-
ability" of printouts i. this form.

Your task will be to read the "printouts" and then
ancwer the questions concerning their content. Note that
these are "free answer" questions. Please answer them with

COMPLETE PHRASES—--an answer may consist of several parts cf

a printout, and ALL information relevant to a question shoula
be included in an answer.

Please don't be upset by the Carroll-ian form of the
sentences--—this was done to eliminate contamination: one's
great fund of knowledge often enables him to answer questions
with information not explicitly contained in a corpﬁs.

One last request: would you please time yourself while
answering these questions (not, however, during your first
read-through). This is not a test of your ability to work
auickly-——we need a time-count in order to compare this form
«f printout with other forwxs on the variable of immediacy of
understanding. Work at a pa~e which is best for your under-—
:tanding and answering questions...you need not race. If
pos:ible, we would appreciate it if you would time yourselft

to the quarter of a minute.




1) Fargant borks, were on the zelchy crigs, fargant broke,

glarked tovely at the sed prad for roff terpy SO0ESy, braks
3

-

o
. 1
were in the slents, braksj biffled at thsir raks, the prast:

cwarked tor roff terpy sogs the crowl quarned a mospy for

g’
roff terpy sogsg, mosp, resembles mospj very little, pomicrec
hendontionally griss mospj to the crowl.

2) Garbs maphized :iarp proutes to wansy croints AT TIMEj,

garbs, maphized falter proutes to wansy crointe AT TIMEJ,

Treom onaltsg AT TIMEJ, nasple lapescandy is around Zarbs,,

warbs), have hultsy, zarb:iy, were amelly briced equal:s AT ’!‘ILTE'j

) NOULy, Zormited plegoritive thodems only in slobon.ively
remnod jate.p, VOUNK gormited hoduait only in slobonively
remnod jatesg, NOUR ; dosters sorsathely NOUN, with prolative

instagnitents, 1t was only in slobonively remnod jatesm.

’?.(‘-

€y

garbs), maphized rew IClUT AT TINEJ, MCUN dert. racple lave ocunt
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Where were the brak:?
How were the mosp Irissed to the crowl by promishes”

W#nat two kinds of mosp were there?

What happened to plazoritive thodem=?
#here 1i4 this havppen?

When iid this happen?

Wny dii (a) happen?

D14 what 1arvened :to the plagoritive thodems nappen
td anvthing else tz0? If so, to what?

Waat 4id4 the forsathe dostering do?

W#rat kind of dostering is thi-?

What kind ¢f dorts were mentioned?

Wna* made tne garbs able t: maphize things?
#nat did the garbs maphize?

Wnere dii the proutes extend?

Where did the garbs maphize the proutes to?

Vs
What xind cof proutes are these?

Wnere was the lapescani®?
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Yow did the torks slark? Tcvely.

Wny dif the borks glark? uran.

How loug diil tne borks giark? Tor roff terpy 30

What #as the prad doing? 2Zarking.

What 4:4 the crowl 10? Quarned a mosp.

Where were the

How were the mdsp ~rined ts the crowl sy pomishes?

Hdendontioraily.

What two kinds
quarned by the
grissed to the

How 414 thevy 4o

it? unan.

braks? Ir. theslents.

-

of mosp were there? 1. thae kind
crowl; 2., the kind nendontisnallv

crowl by pomishes.



2) When the garbs were amelly briced, they maphized

not only farp and falber proutes to wansy croints, but

also forp dorts from their hults *of the nasple lape-

scand around themn.

a)
b)

c)

a)
e)

f)

g)

What kind of dorts are mentioned? Of the
nasple lapescand around them.

What made the garts able to maphize things?
Being amelly briced.

Wnat d4id the garbs zaphize? Farp and falber
prouts to wansy croints, and farp dorts of the

ne ‘ple lapescand around themn.

Where did the proutes extend? To wansy croints.
Where didi the garbs maphze the proutes to? unan.

What kind of proutes are these? Farp and falber.

Where was the lapescand? Around the garbs.

* = ambiguous: could be hults of...while it really

is dort=s...o0f...




3) It wa= only in slobonively remnod jates that

plagoritive thodems and hodunit were gormited by forsathe

dostering with prolative instagnitents.

a)

- b)
c)
a)
e)

f)

ey e e

. P -

What nappened to plagoritive thodems? They

were gormited ry forsathe dostering with

prolative instagnitients.

Where did this happen? unan.

When did this happen? In slobonively remnod jates.
Why did #1 happen? unan.

Did what happened to the plagoritive thodems
happen 19 anything else too? If so, to what?

Yes, it happened to the hodunit.

What did the forsathe dostering do? Gormited
plagoritive thodems and hodunit.

What kind of dostering is this? (alternate:
how does one doster?) Forsathely.



English Version

1) When the ponds were firmly frozen, they afforded not
only new and shorter routes to wmany points, but new views

from their surfaces of the familiar landscape around them.

2) He was informed of the disaster by the flag in frent of the
library.

3) The boy on the horse stolen from the king in the forest
wag killed by the boulder.

4) The king, deceived by & megician in league with tae

devil fo. many years, wept near the castle in remorse.




KERNTLIZED VFRSION

1) =) Fonds, ~fforded new rcutes ic many peints
AT TB{EJ .
b) Fonds, afforded shorter routes to many points
AT TIN’EJ .
¢) Tonds

K afforded new liCUN AT TIKTZJ.
d) NOUN views familier landscape, from surfaces
AT TINTE..
7
e) Familiar landscepe, is around ponds, .

f) ©Ponds, have aurfacesm.

k
&) Fonds, were firmly frozen (AT TIKEJ).

Where (AT TIMRj) = G)

2) a) X informed him ¢f the disaster, .
b) The disaster, was by the flag.

¢) The disaster, was in front of the library.

3) a) The boulder killed a boy, -
b) The boy, was on 2 horsej.
¢) X had stclen a hcrsej from a king .

a) A king was in the forest.

4 a A magici had deceived a king..
) ) gician, &5
b) A magician, had bteen in league with the devil
for many years.
c) A kingj wept near the castle.

a) A kingj was in remorse.

— -r.:l



II.

a)

b)

Ambiguous Version

(1)

Pondsy afforded new routes to many points

AT TIHEJ.

Pondsy afforded shorter routes to many points
AT TIMEj.

Pondsy, afforded new NOUN AT TIKEJ.

NOUK views familiar landscapeg frow surfacesg
AT TIME;.

Familiar landacapes is around pondsk.

Pondsy have surfacesp.

Ponds), were firmiy frozen (AT TIKEJ).
Where (AT TIKE) = (g)

(1)
X informed him of the disaster by a flag, -

A flagy was in front of the library.
(2)
X informed him of the disasterj by a flag.
The disasterj was in front of the library.
(3)
A flagy informed him of the disaster.
A flagy was in front of the library.
(4)
A flag, informed him of the disasterj.
The diaasterj was in front of the library.
(5)
X informed him of the disaster; by the flag.

X informed him of the disaster; in front of the

X informed him of the diaasterj.
The disaaterj was by the flagy.
The disaaterj was in front of the library.




III.

a)

(7)
X informed him of the disaster by the flag.

He was in front of the library.

(8)
A flag informed him of the disaster.
He was in front of the litrary.
o
The flag informed him of the disaster in front
of the library.

’
t

{13
The boulder killed a boyk.

A boy, was on a horsej.
X had stolen a horse; from a kingg.
A kingy was in the f;rest.
(2)
The boulder killed a boyy.
A boy, was on a horse;

J
X had stolen & horse. from the king in the forest.

J

(3)
The boulder killed a boyy.
The boyy was on the horse.
X had stolen a boy), from a kingy,.
A king, was .n the forest.

(a)
The bouider zilled a boyk.
A boy, was on the horse.
X had stolen a boy, from the king in the forest.

(9)

X killed a boyk by the boulder.
A hoyk was on a horsej.
Y had stolen a horsej from a kingm.
A k;ngm was in the forest.

(€)
killed = boyk by tke boulder.

boyy was on a horsej.
Y had stolen a horsej from the king in the fores:.

> 4




(7)
a) X killed a boy, by the boulder.

b) A boy, was on the horse.
¢} Y had stolen a boy, from a kingy.
d) A king  was in the fore-t.
(8)
a) X killed a boyk by the boulder.
b) A boyy, was on the horse.
¢) Y had stolen = boy, from the king in tre forest.
(9)
a) The boulder killed a boyy.
b} A boyy was on 2 horse;.
¢) X had stolen a horsej from s kinggp.
d) A boy, was in the forest.
(10)
a) The boulder killed a boyy.
b) A boy, was on the horse.
c) X had stolen a boyx from a kingg.
d) A boy, was in the forest.

a) X killed a boy, by the bouﬁgél.
b) A boy, was on a horse .
c) Y had stolen a horse; from a king;.
d} A boyy was in the forest.
(12)
a) X killed a boy, by the boulder.
) A boy, was on the horse.
c) Y had stolen a boy, from a king,.
a) A boy, was in the forest.

(13)
a) The boulder killed a boyy.

b) A boy, was on a horsej.
¢) X had stolen a horse, from a king,.
a) A horse3 was in the forest.
(14)
a) The boulder killed a boy, -
t) A boy, was on the horse.
c) X had stolen a boy, from a kingy.

-0
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Iv.

d)

a)
B}
c)
d)

A horsej was in the forest.

(153
killed o boyk by the boulder.
boy, w=s on = herss.,

v

had stolen = horse from = k;ngm.

> D4

/# horse . was in the %orest.

(16)
Kilied =& ‘coyk bty the toulder.
boyk was on the horse.
had stolen = boyy from a kingm.

> < > B

horse_ was in the forest,
J

(1)
A magician had deceived a kingj.

A king. had been in league with the devil for
many years.

A kingJ wept near the castle.

A kingj was in remorse.

(2)

A magiciank nad deceived = kingj.

A magiciank had besn in league with the devil for
many years.

A king_ K wept near the castleg.

A cast g wis in rezorse.

(3)
A magician had decz2ived a king.

A kingj had been a league with the devil for many
years.

A king 6 went near the castleg.
A cast eg was in remorse.

(4)
NOUN had deceived a kingj.
A king:j was by a magiciank.

A magician, had been in league with the devil for
many years.

A kingj wept nzar the castle.
A kingj was in remorse.

(5)
NOUN had deceived a kingj.




b)
c)

a)
e)

A kingj was by a magician,.

A magician, had been in league with
for many ars.

A kinga wept near the cnatleg.

A caatleg waf N TemorsS..

(€
A magiciam,had deceived a kingj.

A magiciany had been in league with
for many years.

A kingj wept near the castle.
A kingj was in remorse.
(7)
NOUN had deceived by a kingj.
A kingj was by a magician.

A king. had been in league with the
many years.

A kingj wept near the castle.
A kingj was in remorse.

(8)
NOUN had deceived a kingj.

A kingj wss by a magician.

A xing. had been in league with the
many years.

A kingj wept near the castles.
A castle8 was in remorse.

the devil

the devil

devil for

devil for




Questions

1) a) VWhen did the ponds afford new routes to many points?
(merely AT TIKE; 13 not sufficient for any answ r)
} What did the ponds afford from their surfaces?
c) Where was the landccape?
}  What three things did the ponds afford?

2) a) Wno or what was in front of the library?
b) Wnere was "he"?
¢, Who or what informed "“him"?
d} Where was ithe disaster?
e) Where was the flag?
f Where was the library?

3) a) Whe.'e was *he *oy killed?
b, What killed the boy?
c) VWhere was the boy?
d) VWhere wa: the horse?
e) VWhat was stclen from the king?
f) Where was the king?
&) Where did the stealing occur?
h) VWho did the stealing”

4) a) How long was the king deceived?
b) Who was in league with the devil?
c) How long was that person in league with the devil?
d) Who wept?
e) Where did this person weep?
?) Who or what was in remorse?
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CORES OF TEST ¥

Kernelized-
English Kernelized Ambiguous
26 0 256 G 2€ ¢
25 0 25 0 25 G
24 9 24 0 24 0
23 0 23 3 23 0
22 1 22 1 22 0
21 2 21 2 21 C
20 5 20 2 20 0
19 2 19 2 19 o
18 2 18 3 18 0
17 1 17 2 17 0
16 0 16 2 16 0
15 1 15 2 15 5
14 0 14 1 14 0
13 0 13 0 13 o)
12 0 12 0 12 3
11 0 11 0 11 2
M = 19.28 ¥ = 18.75 ¥ = 12.57




Trror Tul —ation

Fernelized English
: ay 2 - 104 G
b) 11 - 557 1 - 7%
c) C 0
d:-a) G o}
t) 1 - 5% 0
c) 15 - 459 C
2. a) 9 - 457 14 - 1009
b) 7 - 359 2 - 14%
c) 19 - 95% 14 - 1007
d) 0 13 - 93%
e) 20 - 100¥ 14 - 1007
f) 8 - 40% 5 - 369
3. a) 11 - 557 2 - 147
t) c o)
c) 6 - 307 4 - 28%
a) 7 - 35% 8 - 577
e) 0 0
) 0 2 - 14%
g) 11 - 55% 11 - 79%
n) 18 - 9n¥ 3 - 217
4 a) 4 - 20¥ 1 -7¢
b) 0 0]
c) o 0
d) 0 0
e) 0 C
£) 0 0




Trror Jifferences

(Letter in parentneses indicztes which group had the lower error)

107 207 o” o7 5¢ - 16C”
la (7) 3@ (¥) e (9 1d (e) (%)
3f {E) 3g (£} 3a (T} 2a (K}
4a (o) 2d (k)

3h (%)
Test V

Error Hypotheses

Low Error (F): (listed rank order of the size of difference)

1d (c) The transformation of "views of" to "NOUN views"
(i.e., transforming what appeared to be a nominalizat.on)
confused nearly all (75%) of the (F) people, though the
experimenter showed the sort of transsovmation in the
illustration. MNany answers were "New NOUN",

3h Here the (K) group was confused ty the "X" trans-
formation ("X" is used as the subject when a passive verb
which has no explicit agent is transformed to the active
voice). This transformation should have been stressed
more in the illustration, but it is difficult to grasp
for the first time.

1b Again the NOUN transformation confused them.

3a ¥oust decided that the boy was killed "on a horse",
and some "in the forest"™. The “on a horse® is probably
because of the close conjunction of kernels 1 and 2.

i
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" "In the forest" seems tc be an extreme inference.

in ¢ (¥) people and O (7) people missed this:
seems ¢ he simply errcr.

FRTIN ~ f
oo
. A

ST IRt

8]
14

i~ 4 pecple missed this. All sube

stituted "for many years" -~ false inference.

[ ]

“rror Hypotheses

iow Trror (F): (listed in rank order of the size of difference)

25 'y choice for resolving the zmbiguity was not the
most common stereotyp2d resolution... and 100%¥ of those
reading the “nglish sentence interpreted it otherwise,
The K subjects were drawn by the stereotype tno == oeaven
though the kernel gave tie explicit znswer, 457 still
missed it.

24 It makes it evorn more difficult to comprehend
considering that 24 is mwerely z re-wording of the
answer t0 22... and ALT (K) people got it correct.
Inference scems to be selectively applied.

id ost often the answer was that the horse was "under
the boy" =-- which was not explicitly given. The tendency
to draw this conclusion wzs atronger for the (E) subiects
~=- probably since the statement that the bcy was ca his
horse was much more causal in the English sentence than

i in the kernels.

4gain (E) subjects were more prone to error: since
'stolen frcm the king in the forest® is close together

Lat
*,

'-""""""""""'-----------lii--..............._____________________



3if

whereas it is "itemized" and separste in the kernel...
and the ambiguity is resolved.

Only 2 in the (E) group xissed this, and O in the
(K} one, s0 it is protably merely an error,.
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2)

3)

ey Tnglish

Stone faces, were on the outar walls, Stone fat::es}r

I -
tared vlindly at the black night for three heavy
hours , horses. were in the stables. horses, rattled

n

at their racks: the 20gs bnarked for three hgavy hoursg.
the owl mzde noise, for three heavy hoursg. noisek
resembles noise. very little, men=poets convenvionally
assign noisej t0 the owl.

Pondsk afforded new routes to many points AT TIM?j.
Pondsk afforded shorter routes to many points AT
TIMEJ pondsk afforded new KOUN AT TIMEJ, NOUN views
familiar 1andscapek fromw surfacesm AT TIMEJ, familiar
landscapek is around pondsk, pondsk have surfacesm,
pondsk were firmly frozen equals AT TIMEj.

NOUNk replaced rule of-thumb methods only in
comparatively modern timesm, NOUKk replaced guesswork
only in comparatively modern timesm, NOUNj measures
:‘OUNg with precision instruments, it was only in

>omparatively moderm timesm.




Heconstruction Results

111) Pres 2lectrons carry negative electricity. but
exygen, nitrogen, and other things have positively charged
ions,

111) Oxygen, Nitrogen, and other things have ions which
are positively charged. since free electrons carry negative
electricity.

I11) Oxygen, Nitrogen, and other things have ions which
are positively charged, and free electrons carry negative
electricity..

I1I11) Free electrons carry negative electricity and the
ions of Nigrogen, Oxygen, and other things are positively
charged.

III) Since free electrons carry negative electricity,
oxygen, nitrogen, and other things have positively charged
ions.

111) The ions of oxygen. nitrogen, and other things are
positively charged, whereas free electrons carry negative
electricity.

LD The ions of oxygen, nitrogen. etc., are positively
charged, whereas free electrons are carriers of negative
electricity.




The object of this study was to determine, for
a relatively large corpus, the number of times each cf the
various transformations would be applied to the gensration
of the corpus sentences. With some exceptions, noted below,
the wost frequent of them were taken as the first for which
recognition and kernelization routines would be written.
Eventually, if a large-scale routine is designed, the
results 0f this study might bte used to weight the relevant
rules and to compute, as a function of these weightings,
the probabilities of alternative analyses.

Most of the transformations tallied are to be

found in R. B. Lees' A Transformational Generative Grammar
of English (mimeographed, 1962) and in Chalac Chaiyaratana's

A Comparstive Study of English and Thai Syntax (Ph.D.
dissertation, Indiana University, 1961: printed in offset).
Neither of these grammars, of course, purports to be com—
plete, and additional transformations had to be designed
in the course of the study. Those that occurred most
often in the corpus are described at the end of the list
below.

It will be noted that, unlike our source grarmars,
we have allowed prenominal adjectives a position in the
kernel. This is because our work is geared to informatioan
retrieval, and to separate an adjective from its noun makes

the information that is implicit in the ccrtiguid; rere




iifficult rather thar. easier to get at. #hile scte
audvar.tage may te gaired fror the ceparatic:, it hec no?
yet appeared greéat enoush to warrart the adiztacnal com—
rlexity that would te reguirec.

The corpus for the study was :arl

Planet Earth (Ann Arbor, 195vj, 2 text of 42,530 words.

¢y

The actual figures gfiver telcw cannct te ccr-
cidered precise, fcr ir spite of regular consultaticn
among the three irvestigatcercs there were irnccerngsisterncies,
¥ost of tha other ircorsistercies were irored out earl:
ir. the study. There was, at any rate, climxost conplete
agreement amorig the irvestizators ir zo far es the
rarking is concerrned, and the order ir which the trans-
fermations are listed telcw may be taken as fairly re-
flectirg their relative frequencies of occurrence ir the
text. (Only those transformations that occurred <en
times or mcre are given here.)

The examples given below were rot takern fror
Flanet Earth, except where it is sc irdicated, but made
by us so that each example might illustrate only the
transformation under discussion as far as this was
Tossible.
List of Abbreviations.
3f = reference, i.e. source gracmar.
I = Lees. C = Chaiyaratana.

5T e gereralized or double~base transformation.

T = single-base transformation,
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7L = total runber of cccurrerce.

approx = approxizate runber of cccurrences based on a partial <¢¢

Defirite Pronoung.

Rfs 2 71, 1123 1L GT4C. TLs C,06C.

Exarples: Tre t.oy was very yvoury when he came ic¢ the
"'niversity for tne first tice. He was cnly seventeen.
lote: The term definite pronoun is used here to mean
both the perscnal proncuns and the demonstrative pronpuns
(ircluding their use as demonstrative adjectives). L GT4C
is such that 1t operates only withir. the confines ¢f a
sentence. In our count, however, the domain of the
transformation was widened 30 ar to ir.clude not only

the intra-sententially determined pronouns tut also the
inter-aententially determined ones. To0 be consistent we
should, perhkaps, have counted the cccurrerices of the
definite article, introduced by transformation, but we
decided against the inclusion of the defirite article
here since we were fairly certair that the frequency of
the definite article alone would outrark that 2f any
other transformation by a big margin, thereby obscuring
the significance of the prorouns with regard tc frequency
of occurrence. The figure giver above shows, however,
that the pronouns have come out the same way as the
definite article was expected to. (The definite

article occurs 4,822 times according to the count done




ty the computer. Pu*t thigs does rot zZictinmmiish the two
kirds of the definite article, i.e. tranafcrmatioral an:
ron=trarsformational.,) At the presernt moment no cozple‘e
transforma*tional acccunt ¢ the pronours seems tc be

tvailable,

v
ot
(&)
(3]
[ &4
9]

See Peverly Jobrins, The Transformational

W
ot
o

]

of The Definite Article in Englisn. (University

- Cen o~ o
= a.v.;e'v\.-.‘

]
[oY

£

:;

[ ad

Pernsylvania Transformatione and Discource Ana

2eport Nc. 38.) 1G61-F2.

Moaifier Possessives.

Rf: C 763 L 3T27. TL: 1,214.

Examples: John's house is very large. r. lmith is the chair-
nxan of the board.

Note: Thie transformation inciudes every of-prhrase that
can be paraphrased in the fcrm "X has Y", ("John has a
house", "The board has a chairman"). We are well aware
that rot all the instarces of have thus arrived at behave
in the same way, but rone of t.e t:ransformational grammars
available to us at presernt are detailed encugh tc enable
us to make the distincticns consistently. In spite of ites
very high rank in the frequency count, this transformation
was not choser to be programmed, since, owing to the com=~

p lexity of the transformations *hat result in of-phrases,

the recognitior procedure for this is not feasiltle at this

cstage of our work.
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Conjiunctives.

¥f: 7 117: L 53T1°, TI: 1,142.

Evamplest Jchr weant *to the poet office ard Varv wenrt

&

te the =tation. Jonn arnd Mary wen+ t¢ the ai. ort.

ete: Under the cornjunctive transforma.ion we counted

zome instances of but, or, nor, as well as, ard not only ...

bt (also,. 3Sizilarly, since in a sa2quence of three or

more conjoined items (x ard y and z) all but the last
cor.junctisn may be replaced by ccmmas (x,y ard z),

we alsc cournted such compras as instances of conjunctive
transformaticn. The difference between the two arnd's
in the examples giver atove is due tc an ellipsis which
ig almost amutomatic; trer-fore we 4id not bother tc¢

count them serarately.

Poetrominal ¥cdifiera (derive? by deletion of the

relative proroun and the copula).

Re: £ 17; L 5T2s. TiL: 1,076,

Exanples: The bcok on the desk is for Mary. John has
all the tools necessary for the work.

Note: Just as we speak of the distinctior between the
restrictive and the non-restrictive relative clause, so
we may make a distirction bdetween a resgtrictive and =
non-restrictive use of postnominal modifiers. But in our
count no such digstinction has been made. Although it
might be argued that in "Betrayed by all his fr:iends,

Dr. Wari commi ted suicide"™ the past participial phrase



modifies "Dr. Ward" iust as it doces irn "Ir., Ward, betrayed
ty all his friends, committed suicide”, we assigred tne
former tc a different trarnsformatior while counting the
latter as & pestronin rodifier, Thie Fifficulty arises
only when we are dealing with a constructior derived from

a non-reatrictive relative clause.

Nominalizaticnus.

TL: 1,176.

-—--Action Nominalization

Rf: L 679, 10. TL: 570.

Examples: Johun's apportionment of the fund was fair.

The pupils discussed the revclution of the earth arournd
the sun. Flying planes is dangerous.

Note: It is possible to subdivide nominalizations accordirg
to the asub~class of the subject of the verb tkat is
nomirnalized and/or according to the sub-class of verbs,
e.g. transitive or intransitive. The distinction be-
tween nominalizations and nouns car at times be difficult
to make, especially when there is no of-phrase fcllowing
a nominalization or no determiner preceding it. It was
suggested ty John Lyons that the co-occurrence of the
indefinite article or a plural ending disqualifies a
g£iven form us a nominalization. This is m point well
made, but ar example like the following makes us think
twice: Another attempt to climdb the mountain will

certainly enrage the natives. Our problem here is: which
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is the more economical way of nardling ts2is sort o°
thing ir view of the entire grammar-——to derive it froo

the vert attempt or tD> set up a subclasy 2f nouns that

/

take i-fininivzs {arg/op prepouitions; as complement=?
AZ yet we dc rnot Xnow the answe:r to this cuestis.g

further resen.c<n 1s needed 17 this reapect.

—~Factye "thas"-"lause.

Rfe: T 3C; L 571,2. TL: 375,

Zxamples: John krows that the story ia falee. The fact
that the =tory i3 false zurprised Mary. That the story
iz false i3 obvios,

——Infinitive——-Purpose.

2f: T 133 L 53715,27. TL: A7.

Johr. wert to Indlanapolis to buy a car.

-— -==5ubject.

2fe L 53712,13. TL: 34.

o play e violin vefore breaxfast 13 a mistake.
The Tirst ztep i=> tc collect data.

ote: Infiritiver after "be" i equational sentences
are countea nere.

-—-Deadjectival “.ominalizaticn.

fs L 571%, 16 TL: 139,
Example: The accuracy of the clock always surprises Johr,
Tote: We encounter the same sort of difficulty here that

we 40 ir other nomainalizations.

Passive.

If: T 14: L 7., T.: Q€.




The ball waz kicked ty the boy.

“ote: The main difficulty we have here lies in such fcras
(ending in -gd) as tired, annoyed, limited which car te
interpreted either as pa=t participles, or as adjectives
by virtue of the fact that they car be modified by very.
It is true that context often helps us to 3jecide, but, if
a giver serntence is the product of a series ¢f trars-
formations involving deletions, the decision carn be very

difficult.

Negatives and Indefinites.

Rf: © 128-13C; L T14. TL: 3C3.

Examples: John doe3 rot know anything about Eskimo.
John harily knows anything about Eskimo, John knows
scarcely anything about Eskimo. John knows nothing

about Xskimo.

Relative Clause. TL: 519.

-—Regtrictive.

2ft T 69-70. TL: 303.

Examples: The man who threw the stone should pay for the
damage. Johr. eats his breakfast where everybody else does.
tote: Chaiyaratara does not distinguish restrictive from
non-restrictive relative clauses. Lees tries to distin-
guish the restrictive from the non~restrictive by gen-—

erating the former in prenominal position while generating
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the latter in post~noniral pcsitiorn. Tut this does

YN

ot atccint tor tne ambiguity found in ‘hiec Irench
wife'! mn1-h car mear eiltner 'ne haz more tharn one
#ife arni ore of them is ‘rench' !restrictive) c¢r 'hne
has only one wife and szhe 1is Irencn! (ron-restrictive).
It <ti1ll remains %0 te investirate! now best we can
descrive the aiffererce in cur Lramaar.

-—-On~liestrictive.

Ifs L GT22. TL: 2i6.
Exampla2-: Tertrani ussell, who i3 ninety-one years
0ld rnow, csaved frcm obzcurity Zottlob Frege, who wrote

The foundationsof Arithmetic.

Tomplemer.ts. :l: 257.

L]

——=0f Verb=—Infinitive.

Rf: L 5T14,26, TL: 174.
Cxamrles: John hates for a cat to make a T~turn. - John
persuaded ary tc o nome. Johr expects to receive a

zift from 'ary at Cnristmas.

Tote: L GTI 13 " abelled as "Infinitival Obtject"”. Thisc
- is because the rule is 30 formulated that it effects
replacament of a factive noun ~hrase in the matrix
zentence by an infinivive nhrase. It is not feasible
to keep G714 and GT29 apert consistently without a more
extenaive lexicon, Alsc the distinction betweern
intransitive "omplement Verbs and I'ransitive Coumplement

7erbs is to some extent arbitrary, e.g. expect is in

both groups.




-=- -=--Adjective.
TL: 29.

Exam-le=z: Johr. pairted the nsure sreer, Tre Cldier turres
zour.

—— - OUN.

2£: L 6T2%, TL:

ML
o - i e

Examples: “‘ary called Johr. a liar. The peiple electes
John presidernt.

~—- -=~-Precent Participle or Seruri

28y 1 3725, TLe: 1C.

The teacher cauzht Jchn cheatirns, Johr reiraired from
smoking for three days. J2hn avoias meetins people these
days. The fooibali game rrevented John from Z0ing nome
for the weekend.

~—= ——-Fredicative FThrase

If: L Gr2é. TL: 10.
Example: Wary noticed John in the White “ouse.

-—-0f Adjective.

If: 1 GT17. 7TL: 1°&.
Examples: John is sure to receive a gift from Mary at

Zhristmas. John is apt to forget appointmerts., It was

nice of John to come to say goodbye to l'ary.

A A
Prenominal “cdifiere (in the Form of VERP ing or VERT ed..

Rfs L GT24. TL: 189.

Jonr saw a weeping mother on the street. John nursed

his bruised elbow.
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'ote: The reason fcr our interest in thic tvpe 2 pre-
noxirnal zidlller is What neither VE?LAlng Lol 7B?TAéd

13 in tue lexicon, i.e, these forms: cccur orly irn trars-—
€orms.

-
8

Advertial Clauze of

e T 119. TLs 1

W
Lat

Example: When 1t raired, John was unharpy.

-

aDte

Y

S

ere ics included also the temporal conjanctive se

of since, tne moment, every time, by the time, ard tre

like, (Although this transformation is not listed in
Lees' grammar, it is ea=ily derivable from the Time
Adverbial in the Phrase >triacture. Or. the other nand,

~haiyaratana treats this ac a cornjoinirg transformation.)

Concesgive "lauses.

fs £ 120. TL:134.

Exarple=s: Although it was rairing hard, John went or. a
picnic. Whereas Mary 1s beautiful and tender, John is
tough and brave.

"ote: Other conjunctions '1sed in this transformation

are thouzh, even if, sibeit, and sometimes while. This
may be regarded as an embedding transformation which is
effecried v, .oplacing tne "casual adverbial”™ in the matrix
sentence, since th2 advertial clause of reason and the
concessive clause are complementary to each other, i.e.

a "concession” i3 a "cause" which is unexpectedly ine-

sufficient.
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C2

onditional Advertial “laugses.

f: 7 11¢, TL: 147,

A

e

Example: Johr will be anerv if '"ary is late.

“ote: Pseudo-corjurctives like provided, providing, and

ir. case are alis~ counted under thie head. We rezard
this a3 a cor.joruinz transformation rather nan an em-

bedding one.

Adverbial Tlauses of Zeason.

TL: 121.

Example: John was absent from the class yesterday because
he had a cold.

Note: This transformation may be initiated by choosing

a "causal adverbial”", if there is such a choice, in

the Phrase Structure.

Adverbial Gerur.dive Zonstruction.

}fs C 17,21,121. Ti: 116.

Exanples: Or seeirg a police car in the rearview nirror,
John slowea down, Betrayed by all of his friends, Dr.
Ward committed suicide.

“otes The preposition preceding the gerund is optional
according to the reference given above. Also the
gerundive phrase may stand after the main clause. The
secornd example is irlerpreted as an ellipziz frow "Cn
being betrayed by all of his friends, Dr. Ward committed

suicide." Tre negation of this phrase ty =eans ¢f "with-

out" is noted in ° 21 % 129.




Inversicr with "there”.

2f: T 65, TL: 73,

Examples: There 13 a took <~ the desk. There's a bear
coming tcward me, There ware three mer killed here
vester-ay.

Yote: The roun that follows the verbt, which may be any
ore of te, some, occur, stand, %*Tc., or any verb in the
"preogressive” or "passive”, must be an irdefinite ex-
precssicn, i.e. without the cdefinite article or any

demonstrative adjective.

"It"-Inversior.

Rf: L GT30. TL: €1.
Examples: It is otvious that the story is false. It

iz hard to find a jot in thic towr,

Indefinite Prorouns.

3f: < 47,96, DPL: 3%,

Example: Someornz ™'st nave taken out the bock.

Postriominal Modifier with "with".

2f: C 71; L GT26. TL: 34.

Exarple: Jokhn met a girl witk blue eyes.

Question Word Jbject Clause.
fs C 138,140; L GT4. TL: 31.

Johr. knows why Mary has a headache in the morning.
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smperatives.
ER XY

-~ -~ -
DN TLY 2l

Zxample: 7cr.sicer the 2iz¢arce tetweer the earth ard ’'‘arc.

T“left Zerter.ce.

- - -~ hi
*f: GT3S TL: 1%

Liaxple: It was last 3Saturday that John went tc Indiarapolic.

teflexive Prcnourns.

2fs © 16)1-33 L 7T37. TL: 15.

Example: Johr. corntradicted himself,

Yotet For a detailed ditscussion of this transformatior ard
related onec, see . P, Lees and E. S. Flima, "Rules for

Erglish Pronominalization," Larpuage XXXIX (1963), 17-28.

Direct Wi-~Questicns.

Rf: £ 13%; L T4, TL: 12.
Examples: Wrere did Johr z¢ last Saturday ? What did cohr

dc last Saturday ? etc.

Tre followirz are some of the most frequently

occurring transformatiors that were added to our pcol of
transfermations durirng the course of the count, and for
which orly rough estimates are Ziven or. the basis of

partial court.

Again ir descending order of frequency.
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Absclutc Participial Zor-ctructior,

approx: S%.

Txample: Along the coa=ts this theoretizal fi-ure i
sreatly exceeded, exce=zlivelwy higsh water tei-s caused
vy damming.

---Planet Tartn.

Ellipsis after “wher, "if", "while", "(al)thouzh".

i
f: 2121 (in part). approx: 65.

Exampie: The whale, thoigh not a fizh, 1lives 11 water.
1 4

Causal Phrases.

approx: 60,

Example: Jwing to John's late arrival, the confererce
*as postponed until next ionday.

otes OJther prepositions used in thals constructicn are

because of, due to, ard on account of.

Zlause of Hesult.

approx: 50,

Example: The box was 30 heavy that John could not 1lift 1it.
“ote: "so...that..." may be rezarded as an eguivalert of
tse advertial =modifier of the adjective (or adverd). Ve
may include here such sentences as: John was kind enouzgh

to escort Mary home; Johr was too weasry to 30

Q

at.




CraRads.

Tlauze of “anner (Yeaded by "“as", "“i-n

kxample: Jonr does: tou cther: as he wauald

Emphatic Prcrouns.

AT 7 652,113, apprcoxs 40,

Exannle: John saw the manazer 4himself.

marazer herself.

wa-; n

‘he(aatg{;anner 4

1ike them to

Vary saw the




APPTIOIX IV

4 distn - rassi-or ati.as

Tae "ollowin- is a2 list of all! ¢t traisformatioas in Znslian
{except mornhannonenics) that are ava. lable at preseail. lur sources
27 information are:

Chalas C-airaratana, A C-mparative “t:ds of T-ai and “ngiisn

Svatax. {(¥h.7., Dissertation at Indiana Universit , 1961.
printed in offset)

Noam Chomsky, Syntactic Structures, (The Hague, 195/)

-

" » "A Transiormat Approach to Sintax® in

The Third Texas Conference tAastin, 1962)

Charles J, Fillmore, ™The Position of Embedding Transformations
in a Grammar," dord XXii (1963), 208-231.

Robert k., Leca, 112 rammar of Fnrlish Nominalizations.

{Baltimore, 13¢7)
" , ™irammatical Analysis of the -nglish Cemparative
Constriction,™ Word XV I (1961), 171-185

" s A Transformational senerative jrammar of English,

‘Jine, 1962, mimeo :ranhed)
Robert B, leces and ¥, S, 1ima, "dules for English Pronominalization,"
Languaze IXXIX (1963), 17-2%,

Robert °. Stockwell and Paul Schachter, dules for a Segment of

English S/mtax. ‘“arch, 1962, mimeographed)

Of theae only Chaiyaratana, Lees (1761, 1962), Lees and Qima,
ani Stockwell and Scnachier are referred to in the list, since Chomsky's
#orks, the second of which contains twenty-thres transformations

(excepting morohophonemics), are programmatic and neither of them
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, = Stockvieil wr: chachter

. = Jimpie 1 vins lee-lage transformetion

3P = Generalirzes or ‘inuvle-dazc transformation
< > : encl .mc optiunal elementes,
- (( o): A 1. derived from L.
The iirt thtt f:ilow- ir au alphaoeticnl one, with reza~? = the

w2 WOTG in tue nmse of ench tranciormation.

tel. alvertinl Ciuuze--->f “eaein. o GT..1b.
Tohn was abeont I'ron the ¢lazs because he haa o ¢old.
l-é' - f 'rim. “ l:i.,‘; 2 GT21°~0

Jxhn was hapny when Mary sang in public,

reie ===pf Lonaition. £ 11+,

John will be napuy i€ bary sings in sublic.

-~

tene ~==0f cOnceseici. 5. dTcle.

iohn i: happy nlthough Yary sings only in private,

A

1.5, ===Particivial/je=unaive. T 17,.0,1u4.

<On> aeeing » police car iz the rear-~view wir.or, John slowed .lowa,

Snubbed by the c¢ritic, !ary nov singe oaly .r private,




<els 3hift of advertinl---xt. 0o 1,

{(Then Jran ent v> the bar.::%) John went Lo tne rar then.
%0 ¥ of cuurce (:hen): strangely enough; <“ith the ratbi'e heip:

through the c.le f il

rn

vig; srmediutely: suadenly, -tc.

‘-—
.

Ces ===>f Freucntatives and sentence Adveruiaiv. .

Fre uentatives = aimdst; privably; alvays; selaovn; fre -uentiv: etc.

Lote: Z.i and ..z overlap to some _xtent.

se Cleft Jentence. L GT.5.

It was Jshn who went to Indianspoiis yecterday,
It war t9 Indianapolis that Jonn went yocteruay.

It wae John whose boat the troopers recover2: from the cave,

4, Comparative. L (lr.1).
John 1is ac t=zll az Bill.
Georre ir talier than .Tohn.

Gecrge i the ftallest of all.

5.1 Complement of Tranctive Verb. L GT:£; 5 GTlb,c.

Mary cons‘der:s Jobka handsonc.
The people elected Tohn presiaent.
Mary noticed Joha in the White House.

502. ---"tD“-Infinltive. g G?lﬂo

Ty #Znowe Jokn 1D be 3 teacher.

™

5.7 ===pare Iafinitive. § GT3C.

jsary mode John wash her cer.

5.4, ==="to"-"nfinritive, "—irgi", or Preposition "-ing"™. C 37; L Gtey
{in part Intransitive); 3 GT2d,e,f.

John imagined Mary singing in publi
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avolds ecincin in ot

il DETCZHANET TtaTy v ting 4w ominide,
Jhae Lreverte: Cnrio iy, cAncing Lo Car i,
vy orafciin, v PO R Ve T
wele Zonpaencr DL LTanSATIVE Ty P - T S O
. 58 resrin fres Lotnig Line ol yeav.
mnoet e ce ado Lotcn for o tiv osontho.
atin fee.: oo oL,
. 0L anE ve o, TCoLioiY e
Tae leves T UL aala Ul D

“Hnn

el a

‘).I'_‘j

Tae vane tache

Ste:

Complement

hecame -
LACane Jnoun o oan tie
eemPyrtioi.

seems ~nnoynd,

dgirasnsintin .

Yoanoyen™ i " are probal by adjectives,

Joth

L Adtective, G UL,y Ce houade,l,

uTy

< thre

Joha

. congunciive,

loan

'shn

'll.

ohn

1~ 2% zia, in nrivate,

iz sinrin: in public,

ie happy 2 Mary o ve gin.cing in public.

C t17; L ST+ u; . GTea,e.

ané Mary went to lhe airport.

went to the wirport and ary went to the store,

Deletiosn--=(f (Ubject.

dranx ili ul ht.




“e2 -=-2f Lvject in Asentive Jjominal. > T4,

.32 lover of .a% ) 1 loser,

{a searcher for | === . 1 searcrer.

L/, virect iseoarse, ~ 1L2.

.ionn said s !‘ol‘zom), *ar: s a " iar,”
* arv is a iiar," John saii<:o Eill>.

"-arv is a liar," said John,

11, Double Determiner. < B2,

That house »f John's is rreen.

12,1. Double Ob!eg_&. c 23

(Johr rave ¥ =-—=» ) John zave Vary an apnle.

12.2, [ransposition of Double Object. ¢ 25;

John gave an apple to Mary.

12.3, Presvositional Double Jbject. C L3.

Marv asked <Iohn for advice.

his parents for money.
John begged &onev from nis parents.

13.1. Ellipsis---with ‘‘neither”, "nor", or "either", I 712,13.

“tarv 4id not -o to church last Sunday.) Yeither/nor did John.
John didn't, either.

13.2. ---with "sc" or "too". L T10,1l.

(John :0es to church everv Sunday.)} So does Marv, “ary does, too.

13,3, <=~ ~-«after Conjunction. C 139; L Tll.

John goes to cnurch every Sunday and so does Mar,.
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13.L, ===wci? ‘acrive Clause.

T

l:‘?.

{john 3ays that the ~tcry iz completely talse ===

l}o';o emeof iert, B

‘yho wentl L. cnirch L=t Camdar?) Joha aid.

te e

" 1,A, eweafter "if", "when", ote, 1 121,

Men bitten ~ - toe do, John screaned,

13,7, ===aftar ‘whv®, "of course’, "if pnot”, "i

£ <n')t> ?
oS urse <rn-’,> .

0L, Johin is a liar,

' su, John is a liar,

Yi.l. wmphasis, 0 & ,12!,
{eie7 ===P X+ "
L..2. wmphatic (A firmatise)},

'
Jonn saw Harv..

]
Iann diri see “larv.

tiels Shift of Fmnhasized P,

A coward Joha .s.
T™his hear Joha <illed,

1 Jt, Imphatic "self", O 48.

Jonn himself tailt the house,

*

T by 53 Th.

i 6’-

115« dhitt of wmphatic "self”.

John biilt the house himselfl,

S 113,

15 Embedded “x¢lamatioa, & 1uD.

1<nk how beaatif:l the raianbow is,
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16, "have®. C 125.

{Dcac John have two houzes? =} ) Has John <,;a*.> tva Louses?

17, Negative Variant of dJort..ive. C 35,

(Uon't let's eat this zpple ==P) Let'c not eat thir spple.

15, lmperative. C «: 3 TTe,b.

Go away!

lv.l. Indirect Discoupsge. C 0.

Mary said that ghe was grateful for <he help.

19-2. '“‘TeleSCOEd. C 33’31"
John shouted to stop.

John shouted to lMary to stcp.

20.1. Inversion---with “it". L GT20,33, Tt: S GT1L, Ta.

It 18 obvicus that the story is false.

It is not known vho ate the last sandwich.

it vas a mistake for John to have eaten the last sandwich.
It is no use crying over spilt milk.

It was wise of Mary to leave early.

20e2s ==~with "there®, C 65.

There is a bonk on the desk.
There is 2 bear coming toward us.
There were three men killed in the accident.

2043, -==0f QObject of Infinitive. L GT3c.

Arsenic is illegal for an ordinary person to buy.
A gun ie dangercus for childrem to play with.

Hote: It is the source :cntence that is obtained by iiuble-base transformat! -n,
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Az suportionnent of the funos was f£oir.

Sohe' avnoruioning of the fant. waes fair,

20 mee mama Yalnionite Luvgeci Cieh "ui"e LU e), Loade

- bl

e tupfl- tlocusces the revolution 07 Lie eartn srounn the o,

Jelty mea === wilg efinite Detl rominess L oGl (L, )

Jne avoorticament O tne fundes wal f-ir.

“eie == == _:_lth l.')‘d"i'inlbe veterniner. L o \1,)o

J A

any edAprouriitwan of tne funds s ilier i,
Ve w== w=e eptive, L[ GT1li; o GT..
A zinger .f {oli consg appeared at the rully.

rearcher for truth alvayrs encounters uny diftficultiec,

P Te === === jction Gerund-=--with Subject in Genitive, [ Glic; o uiive

Jobn'c playineg tue flute rl=ased '‘ary.

1 -1~
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Coter Triz s oarohadly rare; reperally woith M o Llae 3L,

e e mmw mwe a=a '-lf‘...'l".ﬂ. \;ubiecto 5 ).;.'.

- { - N -~ 2 JE I -y
Sading, e - LANEn ' e
e i: mm= wem maa uith pefinite Determinor orund CoLin a et
7 A--z"{ﬂ.) r1 sy 1¢
LR RN AT S T

The flying =f claner {2 nperouc.

iyelle === === Fuctive Jerund---with Subjest in Senitive, S G

tary learned 2Lyt Tonn's flyin: of the rlan-.

23.12. == -== Manner Gerund. ] GT}.bo

The playin; of the flute was marvelouc.

el+l.s =-~= Factive Claucse~-~-,ubject. L GIl; 5 GTu,7.

That tone ztory is completely fulse i outrious.,

~ ., e,y mYy
C 3~ T8 D Baiw

Lyelb, wem w-s Ougect.
Joha «nowe that the story is coapletely false,

Q3elSs === ==« pprocitive. 5 GTl..

Joiin adduce: the fact that the story is true.

ote: cxcept where the nominuliza<zion 1s _overned by & preposition,
2:425 iz & mere varjant of ¢ 3.12 or 3.1,

23.16, =~--lanrer Zlause with ‘way".---Gubject. S GTl%a.

The way John worke ic amazing.
23.17- ——- e Ob }ect- 3 GTlsD.
Zverybody know: the way John workse.

Cield, === Hli=(lalce---3ublect. L GT3; 3 CI7,U.




Hebre oom oee Jbject.  © 133, Wo; U osthy 3 oo,

Yaey nows haw John went to Indianapolis,

23023, ==='11 "to"=(nfinitjve-=~Sibject. L 4153 SJQT8,7.
.meré to so is obvious, }
d3e?2le ~=- -~-Object. L uTé; 3 jTS,J.u

sohn <nows where to >,

23,22, ---Embedded uestion., C 56,59,50.

“ary asked if John went to In2lanapolis yesterday.
fary asked how John went to Indianapolis yesterday.,

23+23, ---Infinitival Subject-~-with "for" (P. L uT1l3; S J4Tll,

For John to play the violin is unimaginable,

23,2l =~~without "for" NP, 3 GT12,

23425, ===Intinitival Object. L uTlL,

John motioned for the cab to oull un to the curb.

John hates for a cab to make a U=-turn,

John pald for the cab to take llary home,

John likes to play bridre.

vote: na~ last example is probably derived from #John likes himself to
play bridye.

23026, ===Infinitive of Purpose---after "be", I GT13; 5 GT12,

This car is for John to drive.

234274 === -e=with "for" NP, L GTls; 5 GT13.

John bouasht the car for Mary to drive.

23,29, =ww= e--yithout "for" NP, ¢ 15; L %273 3 uT1l3.

John went to Indianapolis to buy a car.

)
2L.1. "Once"” with be ed, havénég. ¢ 13L.
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Lawyerc once were children.
Liwyere were once children.
el weeWwith VS’%u. C 1x5.
Johuy once killed o Leor, '

vt John Rillec o vewar.

¢ uhift of "other" una junmerat. i,

(«fohn bousht meny other houses.::% ) Jok: boughtfthe wther/three nouc«is
another

L uisplaced Subject of Factive Clause. L GT31.

John i1 saiu td ve n very competent teacher.

27

. Parenthetical Insert. C 143,

The story s completely false, John esaid.

Joeo Partitive., C oh.

Bot:. of John's houses are sreen.

27 Pussive. C 1h; L Ty 35 Tl
5111 was bitten by a snake last cummer,

Fido got rua over by a car.

50. Postnominal ljodifier (with Aelative and Copula Deleted). C 17;
L Gle5; o Glo.

The car In the gerage beloangs to John.

-~

51, Postinominal Modifier with "with". C 71; L GTzu; S T7,%.

a girl with golden huir met John at the airport.

s2. Possessive Modificr. C 76; L GT27.

John's hLouse is green.

The top of thieg table it smcoth.
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3« Prenominal Adjective String. C 93; s G75,6.

John tought a big wooden box at the fair.

34+ Prenominal Modifier---v/lng, V4§d. L ¢i2h; 8 GTIB.
1
. A burning city fascinates John.

The discouraged student disappeared from the class.

35.1. Pronoun---Definite. C 112; L GTUO; IK; S GT22b, T5.

(John bought a car and) Mary drove it home.

35¢2 ===Indefinite---Animate. C 95.

Someone stole the car.

35e3s === ===Inanimate. C 97.

John picked up something on his way home.

35,4, ---Reflexive. C 161-3: L GT37; LK; S T6.
John contradicted himeelf in the end.

35.5. =-=-Reciprocal. L GT36, 39; LK.
John and Bill called each sther namec.

36. Prop-Word “one". C 110.

John bought a green house and Mary bought a vhite one.

37.1- qluestion ---WH C 138; L Tb, ld; S Tl, 2,“0

‘what did John buy at the fair? etc.

37.2. ==="Yes-No" (and Alternetive). C 138, L T18; s Tl1.

uid John go to Indiarapolis (or Louisville) yesterday?

38. Tag auestion (or Statement). C 1l42-3; S T7.

John went home, didn't he?

John can't eat today, can he?

John went home, John did.

John can't eat today, John can'i.
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JITEs The last twu constructions are non-literarv,

39.i, -==Relativa Clause---32estrictive---Modifier, ‘b 69,703 L GT21; S uilk,s.

1

The man who threw the stone shonld vay for the damage,
j)aeu -- --‘Proeerty. C 69’70; L GT?Op
A man wno is bliad mar apply for a secini~eye doi.

37,3, ===Jo=-restrictive, C 67,703 L 1223 5 iT3,k.

Eertrand ruissell, who is nlne®y-one vears old now, savea fron obscurity

dottlob Frese, who wrote The {oundations of .irithmetic.

5)obo -"Hedﬂcedo L uT?}.

Jhatever is is wrong.

LO. Singular Countalble Noun. C ¥3.

(John bouzht the houses == ) John boiznt the house.

This is an expedient within the ‘ramework of Charyaratana's grammar.

‘ota:

Li. Shift of Vocative, C 7.
(I don't eat apples, youn; man.:::;;) Young man, I don't eat apples.
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